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How  can  you  get  the  most 
squint-proof  detail 
on  closed-circuit  TV? 


Granger  Associates 
has  the  answer 


now 


G,1  A'j. high  resolution  IV system  Inis  yOu  rtsd  a  letter  or  digit 
occ  jpyingonly  1/1 5.CKX)  &1  the  picture  area.  Vqu  car.  view  fcOSd 
scenes  like  a  situation  display,  an  airport  runway^  or  a  bank  at 
pane:  meters  —  and  MO  alt  (he  critical  details.  Or  you  Can  pul  an  entire  letter- 
sire  document  on  the  screen  and  read  any  part.  Series  VIOGO  TV systeihs  U&e 
as  merry  as  1225  scanning  lines  and  a  rpp.  JO  Me  video  bandwidth 

to  product  pictures  *.th  (our  times  the  *  »  c  laritv  ot  conventional 

525-1  ine.  fl  Me  Systems.  Get  Fn  touch  with  T  ^TGiAfot  the  most  advanced 

ckwdcJrcult  TV  systems  available  any-  \  .  where  today. 


Granger 


u  eAijl  a*M*Nhil¥  l»PfcO*[» 


l  €01  Calilornia  Avc  .  Pak>  AiujrC.nlilarni3  !  Telephone:  321-41 7  St  TWX  U]Q-37i3Z9i 
Ganger  Associate*.  Lid..  Fens  Oak  iFlalJ,  SC'-^jn  Ni  ls  Rpjtd.  WaUonwi-1  names,  Surrey, 
England  /  Weybridge  4-4-B4? 
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PHILCO 

READ 


provides  real-time  two-way 
communications  and  display  for  any 
data  handling  system 

...and  it's  ready  now! 


PJiilM's  READ  proves,: 

■  Instant  graphic  arid  alphanumeric 
communrtatiOns 

■  C£uii":a1  ihi  hi  y  with  any  data 
prMMS  irtE  system 

*  Ki-nHsoluEian  flicker-free 
presentat^oaof  data  process  tag 
i  n  p-L t  and  outpul 


•  Up  to  J5  slaEroni  driven  by 
or» controller— -dijplaytrj,g  similar 
ordissimiler  information 


READ  iiavaila&t-e-with  direct  yiewconsates-, 
prpjetled  wall  Kfwn  d^ptays.  and  micrclilm 
njcg-rdirgcrlhpritf  copy  cquipm-enl.  Your  request 
Egrtuchnieal  information  and  a  demcwistration 
of  a  ny  un  it  will  be  hand  led  immed  lately. 
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ELECTRONIC 


access  AND 
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Raytheon  introduces  a  new,  low-cost 
digital  information  display  system 


A  completely  new,  low-cost  digital  information 
display  system  for  instantly  retrieving  and  display¬ 
ing  data  stored  in  a  central  computer  is  now  available 
from  Raytheon.  This  is  the  latest  of  thousands  of 
cathode  ray  tube  displays  that  have  been  designed 
and  produced  by  Raytheon  during  the  past  20  years. 

The  new  system,  the  DIDS-400,  interfaces  easily 
with  any  type  of  computer  and  with  various  types  of 
remote  communication  lines.  It  significantly  reduces 
time  required  by  operators  to  retrieve  and  edit  data. 

Up  to  1000  alphanumeric  characters  can  be  dis¬ 
played  instantaneously.  Operators  can  add  to,  cor¬ 
rect  or  erase  displayed  data  before  returning  it  to 
storage  without  need  of  card  punching  and  other 
intermediary  processing.  Hard  copies  of  the  dis¬ 
played  information  can  also  be  obtained. 


Each  DIDS-400  display  console  contains  its  own 
bright  display,  character  generator,  refresh  memory 
and  power  supply.  By  combining  these  items  in  a 
single,  self-contained  unit,  console  dependence  on 
the  control  unit  or  computer  is  greatly  reduced, 
cabling  problems  are  simplified,  reliability  is  in¬ 
creased  and  the  system  given  greater  overall 
flexibility. 

Highly-legible  characters  and  symbols  giving  a 
closed-curve  appearance  are  easily  readable  in 
normally  lighted  rooms,  offices,  and  production 
areas,  thus  reducing  operator  fatigue  and  providing 
more  efficient,  error-free  operation. 

A  brochure  describing  in  detail  the  Raytheon 
DIDS-400  Digital  Information  Display  System  is 
available.  Write:  Manager  of  Industrial  Sales,  Dept. 
MEC-10E,  Raytheon  Company,  Wayland,  Mass.  01778. 
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ARTICLES 

Energy  Transfer  from  CRT  to  Photosensitive  Media 

by  Leo  Beiser  . . . . . . . .  Page  32 

Presents  a  method  for  determining  the  degree  of  "fit”  to 
be  expected  between  the  CRT  (source  of  radiation),  and  a 
photosensor,  for  subsequent  display  or  data  processing. 

Applications  Guide  to  Display  Storage  Tube  Parameters 

by  F.  N.  Ingham  . - . Page  41 

Defines  parameters  used  to  describe  display  storage  tube 
performance,  and  examines  interrelations  between  the  dif¬ 
ferent  parameters.  Explains  brightness  integration,  control 
display  persistence,  and  high  display  brightness. 

Color  Vision 

by  R.  L.  Kuehn  . . Page  48 

Discusses,  briefly,  vision  itself,  particularly  as  it  relates 
to  color,  providing  insight  to  physiological  considerations 
involved  in  display  design.  Basic  visual  mechanisms  are  in¬ 
vestigated. 

A  Display  Screen  with  Controlled  Electroluminescence 

by  Herman  Graff  and  Richard  Martel  . Page  53 

Describes  a  two  electrode  electroluminescent  display  screen 
which  possesses  the  special  property  of  controlled  persis¬ 
tence.  Multilayered  screen  structure  is  compared  with  earlier 
complicated  structures. 

FEATURES 


GUEST  EDITORIAL  .............. . Page  31 

ID  PAPERS  INFORMATION  . Page  33 

ID  READOUT . Page  IS 

SIXTH  SID  SYMPOSIUM  PREVIEW  . Page  67 

ID  AUTHORS  . Page  74 

ID  CORRESPONDENCE  . Page  76 

ON  THE  MOVE  . Page  79 

ID  PRODUCTS . - . Page  80 

SID  SUSTAINING  MEMBERS  . Page  88 

ID  ADVERTISERS  . Page  90 


THE  COVER 

"Historic  Information  by  Display"  concept  of  Artist  Robert  Shepard,  TRW  Systems, 
portrays  methods  used  through  ages  to  transmit  information.  Starting  upper  left, 
painting  shows  prehistoric  Cave  of  Altamira  painting;  Egyptian  tomb  painting; 
Assyrian  wing-headed  Bull  of  Ashurnasirpal  II;  golden  Vaphio  cup  from  Aegean 
culture;  crater  vase  from  Greece;  head  and  hand  of  Emperor  Constantine,  of  Rome; 
corn  stele  relief  from  Mayan  civilization;  (below)  panel  by  Pisano,  from  north 
doors  of  baptistery,  in  Florence;  (above)  medieval  woodcut  of  royal  hawking 
party  from  17th  Century  England;  Toulouse  Lautrec  poster,  from  France;  a 
19th  Century  Indian  chest  from  Alaska;  and  a  contemporary  computer  display. 


A 

SELECTROSLIDE 

PROFESSIONAL 

PROJECTORS 

___ 

automatic 

slide  prelectors 

on  the  market 


MODEL  SLX-750  -  96  slide 
Random  Access- Eleven 
models  to  choose  from 

Selectroslide  offers  more  exclusive  fea- 
tures-and  more  flexibility— because 
Spindler  &  Sauppe  builds  the  only  com¬ 
plete  line  of  professional  projectors  and 
accessories.  Check  the  broad  range  of 
capabilities: 

Random  access  instantly  projects  any 
selected  slide,  regardless  of  sequence. 

Digital  readout-displays  slide  number  to 
audience  or  lecturer  for  notation  and  recall 
or  review  (exclusive  with  Selectroslide). 

Film  strip  attachment-converts  from  slide 
to  film  strip  projection  (exclusive  with 
Selectroslide). 

Slide  Commander— radio  controls  slide 
change  up  to  150  feet  from  projector. 

Speed  Dissolve  changes  images  without 
darkening  screen,  lends  an  appearance  of 
animation  to  still  slides. 

Multiple  screen,  or  split  screen  effect 
achieved  by  proper  arrangement  of  multi¬ 
ple  projectors. 

Rear  projection  with  special  wide  angle 
lenses  (17  lenses  and  1200  watts  available). 

Sound  synchronization  attachments  avail¬ 
able  for  use  with  any  tape  recorder.  Spe¬ 
cial  continuous  playbacks  for  exhibits. 

Remote  command  -  permits  slide  change 
and  other  cue  signals  to  operator, 

NEW  Slide  Projection  Guide  will  help  you 
get  the  most  out  of  your  A-V  presentations. 
Send  $1.00  to: 

spindler 

i 

2201  Beverly  Blvd.,  Los  Angeles,  Calif.  90057 
^  Phone  (213)  389-1288 
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THE  INDICATORS  WITH  INHERENT  MEMORY 


Manufactured  under  one  or  more 
of  the  following  U.S.  Patents: 
2,943,313:  3,009,140;  3,118,138. 
Other  patents  pending. 


^  14000  SERIES  f 


16000  SERIES  <- 


17000  SERIES 


12000  SERIES 


15000  SERIES 


PANEL  SPACE . 2%Vwide  x  ltfe”  high 

(2%4"  x  1"  if  bracket  mounted) 

NUMBER  OF  CHARACTERS. .  .  up  to  10 

NUMBER  OF  TERMINALS . 5,  plus  a  common* 

WATTS . 3 

PULSE  TIME . 500  milliseconds 

DUTY  CYCLE . 25%  (pulsing  same  coil) 

*Requires  switching  of  lead  in  conjunction  with  reversal  of  polarity  to  change  character 


PANEL  SPACE . Vi"  wide  x  2>/4"  high 

C/2"  x  lVa"  if  bracket  or  earless  mounted) 
NUMBER  OF  CHARACTERS  .  .up  to  11 

NUMBER  OF  TERMINALS . 11,  plus  a  common 

WATTS . 2.5 

PULSE  TIME . 500  milliseconds 

DUTY  CYCLE . 50%  (25%  if  pulsing  same  coil  continu¬ 

ously).  Continuous  duty  available  in  some  voltages. 


PANEL  SPACE . W  wide  x  2%"  high 

C/2"  x  1%"  if  bracket  or  earless  mounted) 
NUMBER  OF  CHARACTERS  ...up  to  10 

NUMBER  OF  TERMINALS . 5,  plus  a  common* 

WATTS . 1.5 

PULSE  TIME . 500  milliseconds 

DUTY  CYCLE . 50%  or  continuous  (must  be  specified) 

*Requires  switching  of  lead  in  conjunction  with  reversal  of  polarity  to  change  character 


PANEL  SPACE . Za"  wide  x  3%"  high 


C/a"  x  2l!/ia"  if  bracket  or  earless  mounted) 
NUMBER  OF  CHARACTERS. ...  up  to  12 

NUMBER  OF  TERMINALS . 12,  plus  a  common 

WATTS . 3 

PULSE  TIME . 650  milliseconds 

DUTY  CYCLE . 50%  or  continuous  (must  be  specified) 


PANEL  SPACE . 1%"  wide  x  5"  high 

NUMBER  OF  CHARACTERS. .  .  up  to  12 

NUMBER  OF  TERMINALS . 12,  plus  a  common 

WATTS . 3 

PULSE  TIME . 2  seconds 

DUTY  CYCLE . 50%  or  continuous  (must  be  specified) 


All  MAGNELINE®  Indicators  are  available  in  6,  12,  24  or  28  volts  (as 
specified)  and  the  standard  operating  temperature  range  is  from  —20 
deg.  C  to  +71  deg.  C.  Options,  at  extra  cost,  include  special  voltage, 
broader  temperature  range,  special  characters,  trim-spacer  strips, 
internal  lighting,  solder  terminals,  dust  tight— drip  proof  construction, 
and  dummy  models  with  fixed  digit  or  black  window. 


YOU  GET  ALL  THESE  FEATURES  WITH  MAGN'  <NE: 
Long  life  •  Minimum  maintenance  cost  •  Easy 
readability  in  all  kinds  of  light  •  A  wide  variety  of 
mounting  methods  to  give  you  best  use  of  panel  space. 
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Full  color  data  display  with  OPTOmeclianisms 
rapid  access  processor/projection  system 

Only  10  seconds  from  computer  to  full  color  data 
display— front  or  rear  projection.  Thi  s  advanced  OFTO' 
mechanisms'  rapid  up-date  system  delivers  vital  data 
for  Command  and  Control  Coolers  on  theatre  size 
scream  with  a  symbol  brightness  of  over  20  fool  lam- 
berts.  the  system  processes  film  images  by  direct 
reversal  and  provides  extremely  high  resolution  pros' 
entalions,  at  short  th  row  di  Stances,  for  group  Viewing. 

No  dark  room  is  required.  OPIDmechanisms"  compact 
Camera  •Processor-Projector  is  completely  self-con¬ 
tained  and  self-programmed.  A  fuFly  detailed  bulletin 
of  Ihis  unique  data  display  system  Is  available. 

MTThT  HOE.  % 

OjPy {Pmwltttn  ism  s  tnv* 

engineers  hill,  pujnvjew.  i_  a.,  h.  r.  -  ge  a-eioo  twx:  oom  bus-433 -gem 

SPECIE  tAMEMS  -  PHOTON  ETHIC  DEVICES  -  OPTICAL  TJLCHOMETEtS  -  RAPID  FILM  PROCESSORS  PHQfECIORS  -  OPTICAL  TRACKERS 

$iereq  viewers  -  satellite  beieciors  -  measurckc  rh eerf'c rgme ieps  -  stereo  comparators  -  iihtar  measuring  tables 

STAR  SIMUlATOtS  -  NEGATIVE  TO  POSITIVE  FILM  VIEWERS.  -  JINGLE  GENERATORS  -  FIBER  OPTICS  APPUCATIOHS  -  RANGE  FINDERS 


BLACK  ANQ  WHITE 
CAMERA/PROCESSOR/PROJECTOR 

OPTOmechnutsms'  blade  and  whli*  data  dupmy  systems  tea' 
lure  nogDliVff  or  dir-wil  positive  Him  procnatne  with  a  ra-wTu* 
lion  faofie  of  50-80  lines  per  mm.  These  compacl,  TlesuL-le, 
ard  fully  sdf-contu  npil  systems  record,  jwaeess  and  project 
d.il a  in  or.ly  G  seconds.  They  are  easier  integrated  with  u!«c- 
tronic  suh-sysll*ms,  Typical 
applications:  cfata  .sr-r|  Instni* 
mentation  display,  raOHh  air 

traffic  control,  radiah?gi4*l  fled 

oilier  medical  application*. 

IT.?  x*d  3.E1S.OTS 


INFOtAIAIrQN  t'li'LAY.  l;l'  I  vnis 
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•  Yokes  for  all  1  Vs",  V/z"  and  2Vs"  neck  •  Special  designs  for  color  displays. 

dia.  CRT’s— only  a  few  representative  types  „  ,  ,  ...  .  ...  ..  , .  . 

illustrated  •  Yokes  available  with  series  aiding  field  de- 

_  .  sign  or  with  parallel  (bucking)  field  design. 

•  Core  materials  to  suit  your  requirements. 

•  Special  test  instruments  can  establish  your  yoke  deflection  parameters  to  an  accuracy  of  ±0.1%. 

't^fiflP^viDicoN  YOKES  & 

FOCUS  COILS  for  1"  Vidicons 

IN  VOLUME  PRODUCTION 
Types  V21  NOW.  For  both  commercial  and 

8  V22  military  applications.  Engineer¬ 

ing  Service  available.  Special 
designs  for  all  types  of  1"  vidi- 
consincludingelectrostaticfocus 
magnetic  deflection  types.  For 
full  technical  details  request 
catalog  page. 

ANTI-PINCUSHION  DEVICES, 
both  PM  and  EM  types 

IK  Eliminates  CRT  geometrical  pic- 

M  WjA  ture  distortion.  Type  P7  per- 

xjk.  manent  magnet  anti-pincushion 

assembly  requires  no  current... 

Type  P7  occupies  small  space . . .  easily 

yp  adjustable . . .  mounts  directly 

on  standard  yokes . . .  available 
in  wide  choice  of  magnet 
l\  strengths  with  tight  tolerances. 

\1L  Jj  Type  P8  electromagnetic  coil 

anti-pincushion  assembly  lias 
very  high  precision  construction 
Type  Pg  \  ...allows  convenient  front  panel 

adjustment.  For  full  technical 
details  request  catalog  page. 

TWEETER  yoke 
for  1  Vi"  neck  dia.  CRT’s. 

Jj''  For  generating  characters  in 
ji!'  alpha  numeric  displays.  Matches 
tli>  solid  state  circuitry.  Eliminates 
electrostatic  diddle  plates.  Fre¬ 
quency  response  up  to  10  me 
with  a  Q  of  15.  For  full  technical 
details  request  catalog  page. 

Type  Y58  Series 

['■  TjF  JJ,  deflection  angles. 

STATOR  YOKES 
for  1  Vi"  neck  dia.  CRT’s. 

For  time  shared  sweep  dis¬ 
plays  and  other  stator  yoke  ap¬ 
plications.  Available  with  high 
efficiency  push-pull  windings. 

MINIATURE  PRECISION 
ENCAPSULATED  PUSH-PULL 
\  YOKE  for  %”  neck  dia.  CRT’s, 

|  1-  Available  in  wide  range  of  im- 

V  ./f  %  pedances  and  windings  for  both 
transistor  drivers  and  vacuum 
tube  circuits.  Features  electri- 
Y  .  cally  balanced  windings  with 

Type  equal  deflection  sensitivities. 

up  to  70  Close  angular  tolerances  of  the 

deflection  display  are  achieved  by  precise 

ang  e  construction.  Epoxy  encapsulat¬ 

ed  to  withstand  extreme  en¬ 
vironments.  For  full  technical 
details  request  catalog  page. 

/  .-£*>  COMPACT  ROTATING 

COIL  YOKES  for 

IV2"  neck  dia.  CRT’s. 

'  For  Radar  Plan  Position  Indica- 

Ui  neti  tor  and  all  other  rotating  coil 

VWMWkf#  applications.  Versions  available 
with  dc  off-centering  coils.  Com- 
plete  in  aluminum  housing  con- 
Type  Y2S-R  Series  taioing  deflection  coil,  slip  rings 

Up  to  52°  and  70°  and  brush  assembly,  drive  gear 
deflection  and  bearing  for  easy  installation 

on.ie.  into  any  equipment  design.  Only 

8  33/4"  OD  x  2' Vic"  long.  For  tech¬ 

nical  details  request  catalog  page. 

k  PUSH-PULL  OR  SINGLE 

idokAiW  ENDED  Y0KES  for 

IV2"  neck  dia.  CRT’s. 

\  For  military  and  oscilloscope 

%  applications  requiring  maximum 

_  ,  resolution,  low  geometric  dis- 

[vp®  ’  °  Vo”*  tortion  and  high  efficiency. 

up,°  ,0o  u  Square  core  design  with  parallel 

°r,  opposed  magnetic  field.  Avail- 

deflection  aj,|e  wj^  ex(rerne|y  sensitive 

anp  es  windings.  For  full  technical  de¬ 

tails  request  catalog  page. 

HIGH  SPEED  PUSH- 
PULL  YOKES 
for  1 Vi"  neck  dia.  CRT’s. 

fr  w$k Ideal Eor  bifib  speet*  ^ata  pre' 
sentation  and  oscilloscope  ap- 
plications  using  push-pull 
circuits  requiring  exceptionally 
high  deflection  rates,  low  dis- 
Type  Yt 6-6  tortion  and  high  efficiency. 

Up  to  60°  Available  with  medium  to  very 

deflection  low  impedance  coils.  Low  stray 

angle  capacity.  Series  magnetic  field 

design.  Forfull  technical  details 
request  catalog  page. 

LARGE  I.D.  YOKES 

Vv  for  2V8"  neck  dia.  CRT’s. 

\\  Designed  especially  for  charac- 

nPe  tr0n  CRE'S  t0  give  minimum 

up  to  60  twisting  or  distortion  of  charac- 

defiection  ters  Suitable  also  for  precision 

on9,e  displays  with  other  types  of  2!4" 

neck  dia.  CRT’s. 

Type  F10 


PRECISION  ELECTROMAGNETIC 
FOCUS  COILS  for  %",1  Vi",  2Vb" 
and  other  neck  dia.  CRT's. 

All  designed  for  ultimate  focus- 
Negligible  effect  on  spot  size 
when  properly  aligned  to  beam. 
Static  types  (all  sizes)  — low 
power  or  high  power.  Dynamic- 
static  combinations  (l1/*"  neck 
dia.) . . .  compact  single  gap  de¬ 
sign  ...  or  double  gap  design  to 
simplify  circuitry  by  eliminating 
coupling  between  static  and  dy- 
namiccoils.  Wide  range  of  coil  re¬ 
sistances  available.  Forfull  tech¬ 
nical  details,  request  catalog 
pages.  Please  specify  your  CRT 
and  beam  accelerating  voltage. 


For  engineering  assistance  in  solving  your  display  problems, 
please  contact  our  nearest  representative: 

Boston-New  England  .  762-3164 

Metropolitan  N.Y.:  .  695-3727 

Upstate  N.Y.:  .  315,  652-7911 

Philadelphia  Area:  .  789-2320 

Washington-Baltimore  Area:  .  277-1023 

Florida  Area:  .  813,  527-5861 

Los  Angeles:  . 283-1201 


w  r  9/  gy  r  w  *  v  instruments,  inc. 

100  Industrial  Road,  Addison,  III.  (20  miles  west  of  Chicago),  Phone  (Area  312)  543-6444 

Specialists  in  Components  and  Equipment  used  with  Cathode  Ray  Tubes 
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Need  both  maximum  screen  brightness 
and  sharp  definition  for  color  and  black 
&  white  projection  systems?  The  Osram 
Xenon  lamp  is  still  the  most  reliable  light 
source  for  predicting  continued  optimum 
performance.  Here’s  why: 

■H  Excellent  color  rendering  qualities 
m  No  color  temperature  change 
throughout  lamp  life 
tmt  Controllable  light  output  within 
rated  lamp  power  levels 
■■i  Lamp  life  exceeding  2,000  hours 


■■■  Highest  quality  optical  quartz 
■■■  Repeatable  precision  mechanical 
tolerances 

Osram  lamps  are  specifically  purchased 
for  system  installations  by  respected 
names  in  the  projection  equipment  field, 
examples  of  which  include:  Aerospace 
Controls  •  The  Budd  Company  •  Carbons, 
Inc.  •  Cine  Electronics  •  Farrington 
Industries  •  Ling-Temco-Vought  •  Philco- 
Ford  Aeronutronic  Div.  •  Strong  Electric  • 
Kollsman  Instrument  •  (Others,  too.) 


Discuss  your  requirements  with  a 
Macbeth  representative.  Learn  how  you 
can  achieve  your  predicted  performance 
with  Osram  Xenon  lamps.  There's  a 
wattage  for  every  application:  250W, 
450W,  9 00W,  1600W,  and  2500W. 

Write  Macbeth  Sales  Corporation, 
exclusive  United  States  distrib-  [OSRAM] 
utor  for  Osram  Xenon  lamps. 

MACBETH 
SALES 

CORPORATION 
NEWBURGH,  N.Y.  •  12553 
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4  * 


mmniTm 


X-Y  DEFLECTION  AMPLIFIERS 

AND  SOLID  STATE  DEFLECTION  CIRCUITRY 


X-Y  Deflection  Amplifier 
.25%  Linearity 


X-Y  Deflection  Amplifier 
.25%  Linearity 


Ultra  Linear  X-Y  Deflection  Driver 
.05%  Linearity 


DA-PP2B 
±  1.5  amp 
(shown) 

DA-PP3B 
±  3.0  amp 

DA-PP6B 
±  6.0  amp 


For  Yokes  over  100  /th 


Rack  Mounted  X-Y  Deflection  Amplifier 
Regulated  Power  Supply 
Isolated  X-Y  Channels 


RDA-PP3B 
±3.0  amp 
(Shown) 

RDA-PP6B 
±6.0  amp 

Constant  Current  Sources 
0.1%  of  Range 

mmm 

. 

f  tasVd  < 

4 

+  ■  . 

•  •  i 

CR-104 

4.0  amp  10.0V 
(Shown) 

CR-510 

10.0  amp  5.0V 

DAPP2C 
±  U  amp 

±  6.0  amp 
(Shown) 

For  Yokes  under  100  ^h 


All  Silicon  NPN  Deflection  Driver 


DA-PP3N 
±  3.0  amp 
(Shown) 


0A-PP6N 
:  6.0  amp 


For  Highest  Precision  Displays 


RDA-PP3N 
±  3.0  amp 
(Shown) 


RDA-PP6N 
±  6.0  amp 


DA-PP3D 


For  High  Precision  Displays 


Rack  Mounted  X-Y  Deflection  Amplifier 
Unregulated  Power  Supply 


PDA-PP2BR 
±  1.5  amp 


PDA-PP3BR 
±  3.0  amp 
(Shown) 


High  Speed  Deflection  Driver 
Single  Axis  Push-Pull 
With  Power  Supply 


Vidicon  Driver  and  Sweep  Generator 
for  Hybrid  Tube  Type  8134 


1-PDA  PP  18N 

18  KV  10  as 

Accelerating  Potential  70°  Deflection 


Sawtooth  Signal  Generator  SGI 
Ramps  from  20  to  100  ms 


xSt 


C^onitantine  €n. 


uneerint 


oCaboraloriei 


ompciny 


MAHWAH,  N.  J. 
201-327-1123 
TWX  201-327-1435 


UPLAND,  CAL. 
714-982-0215 
TWX  714-556-9550 
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STANDARD  DEFLECTION  YOKES 


AND  CRT  COMPONENTS 


Low  cost  stator  type  yoke 

for  high  grade  yy 
commercial  applications 


TYPE  AV  172 


tJfW  A 


Low  LI*,  high  sensitivity 
for  42°,  52°,  70°  and  90° 
CRT  neck 


High  quality  general  purpose, 
moderate  resolution 
low  residual, 
for  52°,  70°  and  90° 
^Vu"  CRT  neck 


Fast  core  general  purpose, 
n  moderate  resolution, 

Ok  for  52°,  70°  and  90° 

1v,6"  CRT  neck 

TYPE  HY 


Deflectron®  for  high  resolution 
recording  storage  tubes 
Scan  converter 
applications 


TYPE  QD 


General  purpose  yokes 
for  %"  CRT  neck  BY 
1"  storage  tube  CY 


for  1  Vs"  storage  tube  CYT 


Low  resistance  version  of  type  BY 

Available  for  types 
CY  and  CYT 


TYPE  YY 


Pincushion  corrector, 
electromagnetic, 
low  cost, 
general  purpose 


TYPE  L 


Vidicon  yoke,  focus 
and  alignment  coils  1" 
For  slow  scan, 
high  resolution 


TYPE  WV 


Image  Orthicon  yoke,  focus 
and  alignment  coils  3" 
For  high  resolution, 
slow  scans 


Recording  storage  tube  yoke 
^  Scan  converter 

■  applications 


TYPE  QY 


Miniature  yoke 
for  Va"  CRT  neck 
and  special  unit 
construction 


TYPE  MY 


Character  and  storage  tube  yoke 
l  for  2"  CRT  neck  Type  DY 
2V4"  CRT  neck  Type  DJ 


TYPE  DY 


Pincushion  corrector, 
permanent  magnet 
Specials  available 


TYPE  M 


Hybrid  vidicon  yoke,  1" 
Magnetic  deflection  coil 
^  with  shielding 


TYPE  TV  172 


TYPE  HV 


Image  Orthicon  yoke,  focus 
H  and  alignment  coils  3" 
For  standard  TV 
applications 


Writing  yoke  for  high  frequency 
beam  modulation 
Celcaloy,  ferrite 
and  air  core 
for  1y,4"  CRT  neck 

r  TYPE  AW 


Rotating  yoke  for  52“  and  70°, 
1"  and  1y,6"  CRT  necks 
Includes  bearings,  gear 
and  sliprings 


TYPE  RY 


Coils  for  centering  and  beam 
alignment,  aiming,  flooding 
for  1y14"  CRT  neck 


TYPE  KC 


Focus  coil,  dynamic 
for  high  resolution 
Many  other  standard 
types  available 


TYPE  HLF 


Vidicon  yoke,  focus 
and  alignment  coil  1" 
For  standard  TV 
applications 


TYPE  TV  129 


Static  astigmatic  corrector  and 
dynamic  focus  coil 
For  high  resolution 
42°  CRT 


TYPE  NC 


donilanline  g ineerin cy  cjCciboratoriei  (Company 


MAHWAH,  N.  J. 
201-327-1123 
TWX  201-327-1435 


UPLAND,  CAL. 
714-982-0215 
TWX  714-556-9550 


INFORMATION  DISPLAY,  SEPTEMBER/OCTOBER,  1965 


Circle  Reader  Service  Card  No.  12 


15 


e  Now  you  can  navigate  .  .  .  test  the 

A  endurance  of  an  engine  .  .  .  track  an 

Jjjjjflfeb  aircraft,  spacecraft  or  submarine — -all  in 
real  time  and  with  digital  accuracy. 

liJpkL  Model  502  Flatbed  version  of  CalComp's 
S2jjgEll|||f  line  of  digital  incremental  drum  plotters 
sSjafagy-ak  introduces  high  speed,  high  resolution 
^7R°’T«JP^  plotting  of  digital  computer  output — on 
a  31"  x  34"  area  that  lets  you  watch 
==4cl..-  everything  that  happens.  . .  as  it  happens. 

A  few  advantages  of  the  digital  incremental  principle 
in  general,  and  the  Model  502  Flatbed  in  particular, 
are  listed  below. 

•  You  are  sure  of  long  term,  stable,  drift-free  opera¬ 
tion  •  Alphanumerical  and  special  symbols  may  be 
drawn  at  full  plotter  speed  (18,000  steps/minute — 
.01  inches/step)  •  There  are  no  scale  factors  to  adjust, 
and  origin  setting  is  completely  under  program  control 

•  A  wide  range  of  existing  charts  and  maps  (up  to 
size  34"  x  38")  may  be  used  •  Unique  "Cal-Hold" 
holds  or  releases  most  papers  at  the  flick  of  a  switch 

•  The  502  Flatbed  accepts  all  500-series  drum  plotter 
programs  without  modification  •  You  can  operate  it 
on-line  or  off-line  with  most  digtal  computers. 

For  additional  advantages,  write  "Marketing". 


CALIFORNIA  COMPUTER  PRODUCTS,  INC. 

305  Muller  Avenue,  Anaheim,  California  •  (714)  774-9141 
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for  HIGH  SPEED  film  plotting  projection  - 

performance-reliability-and  low  cost  displays... 

focus  on  BELOCK 


At  last ...  a  high-speed  Scribing  Projection  Plotter 
featuring  a  low-cost,  non-breakable  plotting  mate¬ 
rial.  The  BELOCK  SCOPUS-II®P  has  drastically  cut 
operational  costs  and  simplified  logistics  considera¬ 
tions  through  the  use  of  spooled  70MM  stabilized 
polyester  film.  The  film  is  a  transparent  base  for  a 
non-chipping  scribable  coating  available  in  a  wide 
range  of  opacities  and  with  pre-recorded  back¬ 
ground  reference  data.  Also  available  are  spotting 
and  reference  projectors,  character  generators, 
computer  interfaces  and  manual  input  equipment. 
Large  or  medium  sized  rear  and  front  projection 
screens  or  folded  optics  consoles  are  provided  with 
input  data  from  either  analog  or  digital  computers, 
keyboards,  or  manual  control  panels. 

Whatever  your  projection  display  requirements  .  .  . 
general  purpose  computer  output  display  .  .  .  train¬ 
ing  devices  .  .  .  aerospace  tracking  .  .  .  command  and 
control  or  management  data  [PERT]  .  . .  write,  call 
or  TWX. 


SCOPUS  II 
PROJECTOR 


BELOCK 

INSTRUMENT 

CORPORATION 

College  Point,  New  York  11356 


Attention:  DISPLAY  DEPARTMENT 

Phone  area  code  212,  445-4200  TWX:  Area  code  212-539-7680 
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New  from  IBM. 

A  triple-duty  terminal 
that  types, 
communicates 

and  links  you  to  SYSTEM/360. 


It’s  the  IBM  2740— a  terminal 
device  that  offers  you  3  kinds  of 
duty.  At  a  budget  price. 

It’s  a  Typewriter 
It  looks  like  an  ibm  Selectric. 
Your  secretary  will  say  that  it 
feels  like  one. 

Used  as  a  typewriter,  it  helps 
her  turn  out  clear,  crisp  looking 
letters  and  reports. 

It  has  a  familiar,  conventional 
keyboard.  Margin  and  tab  are  set 
in  the  usual  fashion.  It’s  fast  and 
easy  to  operate. 

Like  IBM’s  Selectric,  you  can 
change  type  faces  to  meet  the 
demands  of  your  job. 

It’s  a  Communications  Terminal 
By  pressing  a  control  key,  you 
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make  contact  with  other  2740’s. 
In  the  next  room,  in  your  plant, 
or  in  your  warehouse. 

Distance  between  terminals  is 
no  problem.  You  can  select  any 
one  of  a  wide  variety  of  commu¬ 
nication  services  for  the  trans¬ 
mission  of  information. 

The  2740  sends  and  receives 
data  at  the  rate  of  up  to  148 
words  a  minute. 

It’s  a  Direct  Link  to 
Your  Computer 

One  or  many  IBM  2740’s  hook 
into  system/360. 

When  you  type  data,  it’s  trans¬ 
mitted  into  your  central  com¬ 
puter.  Then  it’s  stored— available 
when  needed. 

Retrieving  proposals,  status 

IBM 
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reports,  specs  and  other  informa¬ 
tion  is  just  as  easy.  You  can  use 
this  information  to  solve  immedi¬ 
ate  problems. 

Or  you  can  update  it  and  send 
it  back  into  storage  for  future 
reference. 

Also:  there’s  another  version 
of  this  terminal.  It’s  the  2741, 
and  it  offers  time-sharing  capa¬ 
bilities  when  connected  to  a  time¬ 
sharing  system. 

It’s  For  You 

IBM’s  new  2740  is  another  de¬ 
vice  to  help  system/360  grow  as 
you  grow. 

And  it’s  low  in  cost. 

SYSTEM/360-The  Computer 
with  a  Future. 


20  V 


30  V 


50V 


60  V 


NEW  STORAGE  TUBE  SHARPENS  TRACKING  SYSTEM’S  VISION 


The  newest  generation  of  tracking  and  radar 
systems  demands  a  new  generation  of  direct 
view  storage  tubes  with  improved  dynamic 
display  uniformity  and  resolution  capabilities. 
Du  Mont  engineers  have  taken  on  this  prob¬ 
lem  with  marked  success. 

Case  in  point:  the  storage  tube  originally 
specified  for  the  PPI  of  a  certain  missile 
tracking  system  (not  Du  Mont)  lacked  center- 
to-edge  uniformity  of  writing,  erasing  and 
brightness.  The  area  at  the  center  of  the 
screen  built  up  a  disproportionately  high  sig¬ 
nal  charge  level.  This  increased  background 
brightness  to  the  point  of  obscuring  nearby 
targets.  The  condition  could  be  partially  com¬ 
pensated  by  increasing  storage  electrode 
bias,  but  this  reduced  sensitivity  to  remote 
weak  targets  displayed  in  the  peripheral 
area.  Another  alternative,  equally  unsatis¬ 
factory,  was  to  erase  the  image  completely 
every  two  or  three  minutes.  This  left  the  sys¬ 
tem  blind  during  the  interval  required  for  a 
complete  antenna  rotation. 


The  problem  was  eliminated  by  the  storage 
tube  Du  Mont  designed  and  built  for  this 
application.  This  tube,  Type  KS2329,  achieves 
substantially  uniform  dynamic  characteristics 
over  the  entire  storage  surface.  Resolution 
capability— 600  TV  lines  in  the  useful  diam¬ 
eter— is  60%  greater  than  that  of  the  original 
tube.  And,  with  no  increase  in  length,  a  12% 
increase  in  useful  diameter  (to  9")  was 
achieved. 

Reliability  in  severe  environments  was  an¬ 
other  requirement.  So,  with  its  integral  mu¬ 
metal  shield,  the  Type  KS2329  is  potted  in  a 
resilient,  fungus-resistant  compound,  and  is 
fitted  with  multiple  pin  locking  connectors 
and  rugged  mounting  lugs. 


The  final  result  was  a  significant  advance  in 
storage  tube  technology— or,  from  the  cus¬ 
tomer's  viewpoint,  a  tracking  system  with 
greatly  improved  vision.  Now  both  strong 
and  weak  targets  are  displayed  with  excel¬ 
lent  resolution,  persistence  and  brightness. 
Additional  features  include  internal  feedback 
correction  electrodes  for  high  pattern  geom¬ 
etry  accuracy  and  zero  DP  current  operation 
to  overcome  deflection  non-linearities  result¬ 
ing  from  unpredictable  collection  of  writing 
beam  current  and  reflected  flood  beam 
current. 

COMPACT  PACKAGING 

Another  new  storage  tube  developed  by 
Du  Mont  packs  unusual  performance  into  a 
small  envelope— and  even  that  is  designed  to 
provide  extra  space  for  circuitry  in  the  area 
around  the  yoke.  This  tube  has  a  screen  di¬ 
ameter  of  5",  overall  length  of  only  8".  Reso¬ 
lution  is  better  than  125  lines/in.;  writing 
speed  is  300,000  in./sec.  Since  the  tube  has 
the  same  excellent  integration  characteristics 
as  the  KS2329,  it  is  expected  to  find  wide 
application  as  an  indicator  in  airborne  radars, 
or  as  a  radar  indicator  and  TV  display  mon¬ 
itor 

Other  Du  Mont  storage  tube  developments 
include  an  on-axis  writing  gun.  This  consid¬ 
erable  feat,  never  successfully  accomplished 
in  larger  tubes,  hinged  on  locating  the  flood 
gun  or  guns  off-axis  while  retaining  uniform 
illumination.  The  Du  Mont  tube  does  not  de¬ 
pend  on  physical  alignment  to  do  this.  In¬ 
stead,  three  off-axis  guns  are  used  with  split 
anodes  which  direct  the  beam  from  each  to¬ 
ward  or  away  from  the  tube  axis.  Uniform 
illumination  is  achieved,  the  write  gun  is  lo¬ 
cated  on-axis— and  the  DVST  can  replace  a 
CRT  with  no  change  in  deflection  com¬ 
ponents. 

CUSTOM  DESIGN  OR  OFF-THE-SHELF 

Over  the  years,  the  solution  of  many  indi¬ 
vidual  tube  problems  has  resulted  In  the 
availability  of  more  than  4,000  types  of 
Du  Mont  tubes.  These  fall  into  four  general 
categories:  Cathode-ray  Tubes,  Photomulti¬ 
plier  Tubes,  Power  Tubes  and  Storage  Tubes. 
The  latter  includes  both  direct  view  and  elec¬ 
trical  output  tubes.  If  you  need  a  special  pur¬ 
pose  tube,  you'll  probably  find  it  listed  in  the 
latest  Du  Mont  tube  catalog.  If  it  isn’t,  we  will 
design  and  build  it  for  you.  For  your  copy  of 
the  catalog,  write  (letterhead,  please)  to 
Fairchild's  Du  Mont  Electron  Tube  Division, 
750  Bloomfield  Avenue,  Clifton,  New  Jersey. 

FAIRCHILD 

DUMONT  ELECTRON  TUBES 

A  DIVISION  OF  FAIRCHILD  CAMERA 
AND  INSTRUMENT  CORPORATION 
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Now  she  reads  information 
from  stored  computer  records 
(or  adds  it) . . .  instantly. 


Suddenly  ...  a  clerk  or  teller  has  at 
her  fingertips  the  ability  for  high¬ 
speed  handling  of  business  data.  It 
took  her  only  a  few  minutes  to  learn. 
The  “missing  information  link”  is 
provided  by  the  new  Stromberg- 
Carlson  S-C  1100  Inquiry  Display 
System.  It  is  designed  for  banks, 
insurance  companies,  utilities,  air¬ 
lines  and  other  organizations  which 
must  refer  frequently  to  stored  data. 

Simple  as  a  typewriter:  When  the 
operator  receives  an  inquiry  con¬ 
cerning  an  account  or  record  she 
uses  the  keyboard  to  enter  account 
number  and  appropriate  computer 


code.  She  then  visually  verifies  the 
complete  entry  on  the  cathode  ray 
tube  screen.  By  depressing  the 
“transmit”  key,  she  sends  the  mes¬ 
sage  to  the  computer  memory  in  a 
fraction  of  a  second  —  and  the  S-C 
1100  immediately  displays  the  re¬ 
quested  data  on  the  screen.  Entries 
can  also  be  made  by  the  operator 
and  added  to  the  stored  record 
automatically. 

Multiple  units:  Over  400  of  these 
desk-top  units  may  be  used  to  work 
with  a  centralized  data  processing 
system.  Two  models  are  available 
—  one  displays  up  to  100  charac¬ 
ters;  the  other  up  to  500  characters. 


Benefits  include:  Increase  of  com¬ 
puter  efficiency,  better  budget  and 
inventory  control,  reduction  in 
external  and  internal  telephoning, 
manpower  savings,  greater  person¬ 
nel  efficiency  and  better  morale 
because  of  faster  availability  of 
information. 

For  complete  details  on  the  new 

S-C  1100,  write:  Stromberg-Carl- 
son  Corporation,  Data  Products — 
San  Diego,  Dept.  F-39,  P.O.  Box 
2449,  San  Diego,  California  92112. 

STROMBERG-CARLSQN 

CORPORATION 
DATA  PRODUCTS -SAN  DIEGO 
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PjSPlAY 


Advanced  Scientific  Instruments  uses  DATA*  PANEL  for  complete  display  and  control  console  of  their  new  AS  I  ADVANCE  Series  6040  Computer. 


NEW  CONCEPT  OF  INFORMATION  DISPLAY 
AS  DRAMATIC  AS  TODAY'S  COMPUTER  DESIGN! 


DATA-  PANEL  indications  are  visible  only  when  illuminated  in  EAI 
8400  Scientific  Computing  System  by  Electronic  Associates,  Inc. 


Two  computers  are  operated  from  this  Control  Data  Corporation 
Console  which  uses  six  DATA- PANEL  Information  Displays. 


the  shape,  color,  size  or  arrangements  of  the  information  dis¬ 
played.  Indications  and  digital  readouts  stand  out  emphatically 
in  color  behind  smooth  planes  of  glare-free  black  glass.  When 
‘'off”,  legends  and  indications  can  be  totally  invisible  until 
illuminated.  For  control,  complete  range  of  switch  actions  can 
be  an  integral  part  of  DATA-  PANEL  design. 

Write  for  full-color  brochure,  specifications  and  ordering  in¬ 
formation. 


Leading  designers  of  modern  computers  specify  TEC-LITE 
DATA- PANEL  for  its  dramatic  new  appearance  in  operator  con¬ 
soles  and  maintenance  panels.  DATA-  PANEL  offers  a  new  con¬ 
cept  of  display  versatility  and  visual  impact,  in  addition  to 
greatly  increasing  operator  accuracy. 

Extremely  flexible  visual  and  mechanical  parameters  of 
DATA- PANEL  give  designers  display  freedom  never  before 
available.  There  are  no  restrictions,  within  practical  limits,  to 


TEC-SWITCH 


INDICATING  DEVICES  | _ 1  1 _ 

Transistor  Electronics  Corporation 

Box  6191  Minneapolis,  Minnesota  55424  Phone  (612)  941-1100 
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Are  your  CRT  needs 
light  (V2  oz.) 

or  heavy  (77  lbs.)? 


In  the  unlikely  event  you  buy  your  cathode  ray  tubes  by  the  pound, 
we  can  provide  an  amazing  selection  of  assorted  weights  within  this  range. 
And  in  case  your  selections  are  made  on  a  more  conventional  basis  — 
including  delivery,  reliability  and  cost  considerations  —  we  can 
still  fulfill  your  requirements. 

In  fact,  our  sales  volume  has  nearly  doubled  in  each  of  the  last 
five  years  .  .  .  and  we  have  become  indispensible  to  many  of  the 
world’s  largest  and  most  sophisticated  CRT  users. 


In  many  technical  areas  we  can  offer  unique  capabilities: 


•  In  phosphor  development  we  can 
supply  a  number  of  new  screens  for 
flying  spot  scanners  and  for  low 
frame-rate  visual  displays. 

•  Some  all-electrostatic  tubes  we 
supply  are  approaching  magnetic 
deflection  tube  performance  in 
resolution  capabilities. 


•  Our  dark  track  storage  tubes  can 
now  be  supplied  with  500  lines  per 
inch  resolution  and  ruggedized  for 
airborne  applications. 

•  In  fibre  optics  tubes  we  have 
several  years  of  production 
experience. 


Write  for  more  details  on  these  developments,  or  for  our  introductory  catalog. 


ELECTRONICS  INC. 

122  Eighth  St.;  Passaic,  New/Jersey 


GRegory  3-4040:  Cable  Address:  Tomtronics 
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Time-Tested  Reliability  .  .  . 

Twist-Lite  II  Series  12  indicators,  switch-lites 
and  holding  coil  units  are  produced  to  the 
same  Master  Specialties  standards  of  relia¬ 
bility  as  their  military/aerospace  counterparts, 
and  have  been  recognized  as  acceptable  under 
the  Underwriters  Lab.  Components  Program. 

Wide  Choice  of  Switching  Assemblies  .  .  . 

Select  from  snap-on  2PDT  or  4PDT  subminia¬ 
ture  switches,  in  momentary  or  alternate  ac¬ 
tion,  rated  to  5  amps  at  125-250VAC  or30VDC, 
or  momentary  switches  with  magnetic  holding 
coils  for  electrical  inter-lock  or  lock-in. 

Internally  Bussed  Lamp  Circuits  . . . 

Optional  circuits  for  6,  12  or  28  volt  incan¬ 
descent  lamps  or  115VAC  neon  lamps  include 
internal  bussing  of  common  terminals  to 
reduce  soldering  .  .  .  simplify  installation. 


Master 
Specialties 
Company  Series  12 

Twist-Lite  II 

ILLUMINATED  PUSH-BUTTON  SWITCH 


MASTER 

SJucudticA 


NO  TOOLS  REQUIRED 
for  switch  mounting,  color  filter  change, 
legend  change  or  relamping! 

A  simple  twist  lets  you  remove  and  return 
the  lens/ lamp  assembly  from  the  panel  front 
during  operation  .  .  .  without  special  tools  .  .  . 
without  the  hazard  of  accidental  switching 
.  .  .  and  there  is  ample  room  for  easy  lamp, 
filter  or  lens  change! 

Complete  Specifications  are  Detailed 
In  20-Page  Catalog  2001 

MASTER 

SPECIALTIES 

COMPANY 

15020  South  Figueroa  Street,  Gardena, 
California  Telephone:  213-321-8450 


Regional  Oflices  and  Telephone 

Sunnyvale,  California  .  408-245-9292 

Chicago,  Illinois  .  312-282-7112 

Dallas,  Texas  .  214-357-9459 

Syracuse,  New  York  .  315-479-9191 

Valley  Stream,  L.I.,  New  York .  516-561-2334 

Huntsville,  Alabama  .  205-536-7415 
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Here’s  the  only  advice  you  need 
to  design  your  own  on-line  system: 

don’t 

Designing  on-line  systems  is  tricky.  Nevertheless,  do-it-yourselfers  often  try 
it,  taking  twice  the  time  to  do  it  wrong  at  triple  the  cost  of  doing  it  right. 
Nobody  has  that  sort  of  money.  Or  time.  That's  why  you  need  an  expert  to  put 
your  system  on  line.  Which  expert?  We  have  some  advice  on  that  subject,  too. 


Would  you  pilot  a 
commercial  jet  from 
Los  Angeles  to 
Bangkok?  Would 
you  take  your  wrist- 
watch  apart  and 
repair  it?  If  the 
answer  is  “Yes”  and 
you  aren't  a  pilot  or 
a  watchmaker,  read 
on  at  your  own  risk. 
We’re  about  to  shoot  do-it-yourselfers  right 
out  of  the  on-line  systems  design  business. 

SAYS  WHO? 

First  off,  our  credentials :  At  Informatics  Inc., 
we  think  we  have  every  right  to  speak  on  the 
subject  of  on-line  computer  systems.  Our 
justification  is  simple:  we’ve  probably  done 
more  work  in  on-line  software  than  any  other 
group  in  the  field.  Fact  is,  we  seem  to  be  the 
only  major  programming  firm  anywhere  spe¬ 
cializing  in  on-line  computer  systems  imple¬ 
mentation.  And  much  of  our  work  has  been 
conducted  at  the  furthest  extension  of  the  art 
(National  Military  Command  System,  the 
RADC  on-line  computing  system  and  the 
Mobile  Wing  Reconnaissance  Technical 
Squadron  are  a  few  examples).  Do  we  know 
what  we’re  talking  about?  We’d  better. 

THE  MISSING  LINK:  SOFTWARE 

At  Informatics,  we  believe  that  the  computing 
system  exists  for  the  user,  not  vice  versa. 
Consequently  we  are  convinced  that  the  direc¬ 
tions  of  the  future  point  inevitably  to  direct, 
on-line  user/computer  communication.  But, 
if  you  accept  this  fact,  you  also  have  to  accept 
the  problems  of  putting  the  user  and  the 
computer  in  direct  dialog.  How  do  you  do 
this?  It’s  not  easy.  Nevertheless,  a  lot  of  well- 
meaning  users  have  tried.  And  a  lot  of  amoebic 


monsters  have  been  spawned — so  divided  and 
subdivided  that  any  semblance  of  direct  access 
to  the  system  is  lost.  That’s  why  the  job  has 
to  be  done  by  an  expert— someone  who’s  had 
the  course  in  the  complexities  of  on-line 
programming.  Right  now,  today,  all  of  the 
equipment  and  technology  exists  to  put  even 
the  most  sophisticated  system  on  line.  The 
only  missing  ingredient  is  on-line  software. 

THE  WAITING  GAME 

The  essential  key  to  on-line  implementation 
is  time-sharing.  Modern  computers — and  even 
those  not  so  modern — are  too  fast  to  serve 
only  one  person.  To  make  economic  sense, 
the  computer  must  be  shared.  Segments  of 
the  total  computing  time  must  be  made  avail¬ 
able  to  many  users.  And  not  all  of  the  users 
need  be  humans:  regularly  scheduled  pro¬ 
grams  can  also  have  their  share  in  on-line 
systems.  For  instance,  a  computer  in  a 
medium-sized  manufacturing  company  might 
service  ten  or  twelve  on-line  engineering 
design  consoles,  concurrently  record  sales 
orders  and  other  messages  received  by  tele¬ 
type  from  other  company  offices,  and  also 
compute  payroll — all  on  a  time-sharing  basis. 
Difficult?  Yes.  Impossible?  No.  It  can  be 
done  by  someone  who  knows  how.  And 
knowing  how  means  mastery  of  a  few  knowl¬ 
edge  areas:  Dynamic  storage  allocation. 
Interrupt  management.  Task  queuing.  Priority 
level  control.  Program  rollout  and  rollback. 
Random  access  storage  management.  Time¬ 
slicing.  Memory  protection.  And  several  other 
odds  and  ends  of  programming  technology. 
Knowing  how  also  means  experience.  Real, 
practical,  working  experience.  The  I’vc-done- 
it-before-and-l-know-exactly-how-to-put- 
the-whole-thing-together-and-make-it- 
work-type  experience.  And,  on  top  of  this, 
knowing  how  means  knowing  what  not  to  do 
in  on-line  implementation.  Knowing  what 


not  to  do  is  every  bit  as  important  as  knowing 
what  to  do  if  the  system  is  to  work,  work 
right  and  work  under  all  conditions. 

WE'RE  READY,  ARE  YOU? 

If  you’ve  read  this  far,  chances  are  you  need 
an  on-line  system.  And  at  this  point  you 
should  realize  that  we  think  we  can  design 
one  for  you.  If  you’d  like  to  talk  over  your 
own  on-line  systems  design  requirements  or 
if  you  think  you’re  qualified  to  help  us  solve 
other  people’s  problems,  our  number  is  (213) 
783-7500.  Ask  for  me,  Frank  Wagner,  Walter 
Bauer  or  any  other  members  of  our  staff.  We 
also  have  literature  on  our  people  and  capa¬ 
bilities  which  we  will  be  happy  to  send  you. 
Address  Department  E,  Informatics  Inc., 
5430  Van  Nuys  Boulevard,  Sherman  Oaks, 
California  91401. 


I  informatics  inc.® 

•  5430  Van  Nuys  Boulevard 
III  Sherman  Oaks,  California  91401 

Please  send  me  your  staff-authored 
article  “Implementation  Procedure  for 
On-Line  Systems” 

Name _ 

Title _ 

Company _ 

Address _ 

City _ 

State _ ZIP _ 


An  equal  opportunity  employer 


by  Richard  H.  Hill 
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Single  time-shared  strobe  lamp 
operates  in  conjunction  with  self- 
ating  drum. 


Integral  motor. 


Display  screen  can  be  integral  or 
separate.  Standard  subsystems  are 
available  with  up  to  12  high  contrast 
alphanumeric  characters. 


Optical  projection  system  produces 
high-clarity  display  that  is  flickerless 
because  of  the 


All  solid-state  electronic  logic 
operates  from  low-level,  true 
4-bit  BCD 


Now  you  can  get  more  reliable  readouts 


—  at  very  low  cost  —  with  Raytheon’s 

New  Datastrobe*  Digital  Display 


The  Datastrobe  subsystem  employs  a  new  concept  of  data 
display  that  offers  you  more  reliable  readouts  and  simple, 
flexible  installations- — at  very  low  cost. 

To  produce  high  clarity  displays,  the  Datastrobe  subsystem 
utilizes  (1)  a  single  rotating  drum  operating  in  conjunction 
with  a  single  time-shared  high-speed  strobe  lamp  (2)  time- 
shared,  self-synchronized  all  solid-state  circuits,  and  (3)  an 
optical  projection  to  produce  multi-digit,  in-line  and  single¬ 
plane  alphanumeric  displays. 

Reduced  number  of  components  increase  reliability.  Self-con¬ 
tained  Datastrobe  subsystem  wires  directly  to  logic  without 
buffers  or  drivers.  There  are  no  signal  amplifiers,  switches  or 
relays.  One  6-digit  Datastrobe  subsystem  can  replace  as  many 


as  66  incandescent  bulbs  or  6  electromechanical  readouts! 

Self-decoding  eliminates  wrong  readouts.  A  self-decoding 
feature  incorporated  into  the  Datastrobe  subsystem  uses  di¬ 
rect  logic  comparison  to  eliminate  erroneous  or  ambiguous 
readouts.  The  conventional  white-on-black  displays  are  flick¬ 
erless,  provide  high  contrast  and  recognition. 

Wide  range  of  design  options.  Datastrobe  subsystem  display 
screens  can  be  integral  or  separate.  Standard  models  are 
available  with  up  to  12  digits;  floating  decimal  point  is  op¬ 
tional.  Models  with  more  digits  and  combinations  of  alpha¬ 
numeric  characters  or  symbols  are  available.  Additional  read¬ 
out  locations  are  accommodated  with  simplified  wiring. 


‘Trademark  ol  Raytheon  Company 


.  .  MORE  NEW  RAYTHEON  DATA  DISPLAY  DEVICES 

New  side-view  Datavue"  Numerical  Indicator  Tubes  (left)  feature  long 
life;  low  unit  cost;  less  mounting  depth;  close  spacing;  large,  bright 
character  display.  (Right)  Special  cathode-ray  tubes,  available  in  many 
sizes,  combine  electrostatic  and  magnetic  deflection  for  writing  alpha¬ 
numeric  characters  while  raster  scanning. 


SEE  THE  DATASTROBE  SUBSYSTEM 
AT  SID  — 

SEPT.  29  -30,  NEW  YORK 


RAYTHEON. 


For  complete  information  of  RAYTHEON  DATA  DISPLAY  DEVICES 
—  or  for  an  operating  Datastrobe  subsystem  demonstration  — 
write  to  Raytheon  Company,  Components  Division,  Industrial 
Components  Operation,  Lexington,  Mass.  02173 
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Since  the  introduction  of  the  decimal,  or 
metric  system  of  measurement  there  has 
been  a  periodic  movement  to  replace  the 
English  system  and  all  its  attendant  clumsi¬ 
ness.  In  recent  veins  an  increasing  awareness 
has  been  evident  in  the  scientific,  engineer¬ 
ing,  and  lay  communities  that  an  ultimate 
discarding  of  English  units  must  take  place. 
Now  is  an  opportunity  for  those  engaged 
in  the  field  of  display  to  assume  an  important 
role  in  establishing  a  new  consistent  system. 

The  General  Conference  on  Weights  and 
Measures  met  in  Paris  in  October  I960  and 
officially  defined  the  International  System 
of  Units  (designated  SI  for  Systeme  Interna¬ 
tional  d’  Unites).  The  SI  is  similar  to  the 
MKS  in  that  it  utilizes  the  meter  as  the  unit 
of  length,  the  kilogram  as  the  unit  of  mass 
and  tlie  second  as  the  unit  of  time.  SI  units 
also  include  the  ampere  for  electric  current, 
tlie  degree  Kelvin  for  temperature,  and  the 
candela  for  luminous  intensity.  Of  these  units, 
the  ampere  and  candela  involve  other  units 
in  their  definitions.  Mass,  length,  time,  and 
temperature  are  independently  defined.  A 
distinct  advantage  of  the  SI  is  that  one  and 
only  one  unit  is  designated  for  each  quantity. 
Multiples  and  submultiples  may  be  obtained 
by  the  use  of  approved  prefixes  (most  of 
which  are  in  common  usage). 

Review  of  previous  issues  of  Information 
Display  clearly  indicates  tlie  difficulties  that 
can  be  encountered  when  more  than  one  sys¬ 
tem  of  units  is  employed.  The  latter  is  par¬ 
ticularly  true  in  an  interdisciplinary  science 
or  technology  such  as  displays.  Lens  and 
certain  other  optical  dimensions  are  generally 
metric,  but  screens,  equipments,  and  room 


distances  are  measured  in  feet,  inches,  or 
yards.  Illuminance  may  be  stated  in  foot- 
candles  or  in  lux  (meter-candles).  Ambient 
temperatures  are  often  given  in  degrees 
Fahrenheit,  but  equipment  temperature  rise 
or  exhaust  temperature  may  be  in  degrees 
Centigrade.  It  is  certainly  true  that  many 
units  are  easily  converted  from  one  system 
to  another.  Conversion  factors,  however,  leave 
much  to  be  desired.  There  exists  always  the 
potential  error  due  to  an  extra  manipulation. 
Theoretical  and  experimental  inconsistencies 
may  make  conversion  more  complex  than  may 
be  superficially  evident.  Finally,  a  consider¬ 
able  practical  expense  is  encountered  in  stand¬ 
ards,  equipment,  and  time  loss  when  main¬ 
taining  a  multi-system  set  of  units. 

One  might  legitimately  ask  how  investiga¬ 
tors  and  designers  in  display  can  influence 
such  a  fundamental  problem  as  systems  of 
units  and  quantities.  The  answer  is  based 
quite  simply  on  the  fact  that  a  language  is 
only  as  powerful  as  the  extent  of  its  utiliza¬ 
tion.  The  task  is  not  to  create  or  standardize 
a  new  system,  but  to  use  one  which  has  al¬ 
ready  been  internationally  sanctioned  and 
has  been  adopted  in  this  country  by  no  less 
an  organization  than  the  National  Bureau  of 
Standards  for  use  by  its  staff. 

The  question  concerning  the  SI  is  not  “if”, 
but  “when”.  Every  scientist  and  engineer  en¬ 
gaged  in  the  display  field  has  an  opportunity 
to  assist  in  an  early  general  acceptance  of 
the  International  System  of  Units. 


RUDOLPH  L.  KUEHN 
Publications  Chairman,  SID 


INFORMATION  DISPLAY,  SEPTEMBER/OCTOBER,  1965 


31 


Energy  Transfer  from  CRT 
To  Photosensitive  Media 


Summary 

A  method  is  presented  for  determining 
the  degree  of  "fit”  to  be  expected  between 
the  cathode-ray  tube,  as  the  source  of 
radiation,  and  a  photosensor  for  subsequent 
display  or  data  processing.  Four  most  prom¬ 
inent  photo-recording  phosphors  have  been 
matched  with  the  two  basic  emulsions  to 
derive  a  set  of  transfer  indices  from  CRT 
to  film.  Similarly,  two  of  the  phosphor 
types  have  been  matched  with  two  promi¬ 
nent  photocathode  types  to  yield  similar 
transfer  indices  from  CRT  to  photomulti¬ 
plier.  Specification  incompatibility  and  un¬ 
certainty  have  been  eliminated  by  stepping 
back  to  the  power  input  to  the  cathode-ray 
tube  as  the  source  of  energy,  and  tracing 
the  power  losses  through  the  phosphor  and 
the  optics  in  corresponding  units. 

Precaution  regarding  phosphor  decay 
rates,  spectral  incompatibility,  and  interven¬ 
ing  elements  has  brought  to  light  the  dan¬ 
ger  of  neglect  of  such  factors.  Power  trans¬ 
fer  equations  are  developed  having  indices 
which  may  be  directly  extracted  from  sev¬ 
eral  tables.  The  ease  with  which  reliable 
design  conclusions  may  be  reached  is  dem¬ 
onstrated. 


Introduction 

Photosensitive  elements  are  of  two 
forms:  For  recording  or  image  transfer, 
such  as  photographic  film  and  Kalvar; 
or  as  active  elements  of  the  system,  such 
as  phototubes  and  photomultipliers. 

Both  problems  of  achieving  useful  en¬ 
ergy  transfer  are  closely  related:  For 
film,  adequate  density  beyond  fog;  for 
photosensors,  adequate  signal  beyond 
noise.  To  the  communications  specialist, 
this  is  really  one  concept:  Achievement 
of  adequate  signal-to-noise  ratio.  In  the 
following  analysis,  we  shall  attempt  to 
predict  this  important  parameter. 

Although  the  combination  of  CRT  and 
photographic  films  appears  to  blend  so 
well*1),  new  system  demands  of  speed 
and  resolution  are  constantly  penetrating 
into  unknown  prior  art.  The  long  history 
of  photo-recording  from  the  CRT  has 
only  recently  provided  a  unified  ap¬ 
proach  to  this  energy  transfer  prob¬ 
lem^).  This  process  will  be  traced,  al¬ 
ways  keeping  in  mind  that  we  are  neith¬ 
er  referring  to  a  particular  CRT,  nor  to 
a  particular  sensing  medium.  The  ap- 

i  1  )  Kalvar  and  diazo  processes  require  approxi¬ 
mately  1  million  times  the  energy  of  silver 
halide  emulsions  to  achieve  adequate  expo¬ 
sure. 

(2)  L.  Beiser,  “A  Unified  Approach  to  Photo¬ 
graphic  Recording  from  the  Cathode-Rav 
Tube,”  Photographic  Science  and  Engineer¬ 
ing,  Vol.  7,  No.  3,  pp.  196-204,  May-Tune, 
1963. 


by  Leo  Beiser 


proach  is  sufficiently  general  to  permit 
application  to  any  new  radiation  source 
and  any  new  photosensitive  element.  It 
is  thus  extended  to  predict  the  signal-to- 
noise  ratio  in  CRT-Photomultiplier  “fly¬ 
ing-spot”  scanning. 

Photographic  Emulsions 

Any  attempt  to  estimate  film  sensi¬ 
tivity  to  radiation  from  a  CRT  is  seri¬ 
ously  hampered  by  specifications  of  both 
CRT  or  film:  The  earlier  definitions  (lu¬ 
mens,  Lamberts,  and  candles)  were  re¬ 
lated  to  response  of  the  human  eye. 
Since  most  useful  instrumentation  spec¬ 


tral  regions  are  outside  this  limited 
range,  the  cathode  ray  tube  luminance, 
in  foot-lamberts,  and  the  photographic 
exposure,  in  meter-candle-seconds,  are 
incompatible.  Instead,  a  set  of  power  or 
energy  units  is  required. 

Some  film  sensitivities  have  been 
rated  in  ergs  per  square  centimeter  of 
spectral  radiation  necessary  to  raise  the 
emulsion  density^3)  above  the  residual 
film  fog<4)  by  a  specified  amount.  This 
energy  rating  may  also  be  derived  from 
the  “Spectral  Sensitivity  Curve”  now 
available  for  many  film  emulsions.  This 
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curve  plots  the  reciprocal  of  Exposure 
(in  ergs/cm2)  vs.  wavelength,  typically 
for  a  density  D  =  1  above  gross  fog. 
Since  density  is  a  logarithmic  value,  a 
density  of  1.0  above  fog  represents  a 
10:1  range  of  opacity,  or  contrast/5) 
Since  higher  gam  to  a  <6)  is  generally 
achieved  at  the  expense  of  processing 
time,  it  is  important  to  provide  sufficient 
actinic  energy  to  the  emulsion  to  pene¬ 
trate  beyond  the  “toe”  of  the  low-level 
non-linear  portion  of  the  transfer  char¬ 
acteristics. 

The  basic  sensitivity  of  silver  halide 
photographic  films  is  in  the  blue-violet 
region  of  the  spectrum.  (Non-Color  Sen¬ 
sitized  Response,  Figure  1.)  It  extends 
from  0.34  M  to  0.50  ll  and  includes  al¬ 
most  all  the  energy  radiated  by  the  P-16 
phosphors.  By  sensitizing  the  silver  hal¬ 
ides  with  selected  dyes,  the  spectral  re¬ 
sponse  is  extended  to  the  longer  wave¬ 
length,  resulting  in  two  general  new 
classes:  Orthochromatic  and  panchro¬ 
matic. 

The  typical  orthochromatic  (ortho) 
response  extends  to  about  0.59  z1  (Fig¬ 
ure  1 )  and,  therefore,  includes  almost  all 
the  energy  radiated  from  our  selected 
phosphors.  Most  valuable  for  human  use, 
but  not  for  CRT  recording,  is  the  pan¬ 
chromatic  (pan)  emulsion  which  exhib¬ 
its  a  relatively  smooth  response  well  out 
to  0.65  e,  thereby,  including  most  of  the 
reds. 

Photosensors 

We  shall  now  extend  our  analysis  to 
energy  transfer  from  CRT  to  the  photo¬ 
multiplier.  This  combination  is  frequent¬ 
ly  employed  in  “flying  spot”  scanning 
applications  in  which  a  uniform  CRT 
raster  is  imaged  on  a  transparency.  In 
this  “transmission”  mode,  condensing 
lenses  collect  the  intensity-modulated 
light  and  transfer  it  to  one  or  more  pho¬ 
to  multipliers.  Or,  when  imaged  on  an 
opaque  surface,  in  their  “reflective” 
mode,  the  uniform  light  is  re-radiated 
(generally  diffusely)  with  corresponding 
intensity-modulation  and  again  collected 
and  transferred  to  one  or  more  photo¬ 
multipliers. 

It  is  worthwhile,  at  this  point,  to  re¬ 
view  the  optical  system  considerations 
which  determine  application  of  “trans¬ 
mission”  modulation  or  “reflection”  mod¬ 
ulation.  It  will  be  clarified,  from  subse¬ 
quent  signal-to-noise  analysis,  that  there 
are  fundamental  constraints  which  must 
be  satisfied  for  either  case.  In  the  trans¬ 
mission”  mode,  almost  all  the  light  flux 

(3)  Density  =  login  opacity  —  login 

intensity  of  incident  radiation 
intensity  of  transmitted  radiation 

( 4 )  Fog  =:  residual  opacity  of  nnexposed  emul¬ 
sion  after  development. 

(.5)  Contrast  is  generally  an  arithmetic  ratio.  If 
given  in  logarithmic  terms,  then  difference 
between  maximum  and  minimum  density  is 
the  contrast. 

( C> )  Gamma  (fl)  is  the  slope  of  the  straight-line 
portion  of  the  D  log  E  characteristic,  or 
d  (D) 
d  (log  E  )  ^ 

max;  where  E  is  defined  in  en¬ 
ergy  units. 
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which  is  transmitted  by  the  “film”  sur¬ 
face  may  be  collected  by  a  condensing 
lens  and  transferred  to  a  photocathode 
for  conversion  of  the  in  tensity -modulated 
radiation  to  a  corresponding  current  vari¬ 
ation.  In  the  opaque  “reflective”  mode, 
the  re-radiation  is  generally  diffuse,  re¬ 
quiring  another  large-aperture  optical 
system  to  collect  a  new  solid  angle  of 
radiant  flux.  The  difference  in  efficiency 
is  analogous  to  the  more  commonly-ex¬ 
perienced  distinction  between  optical 
projection  of  transparencies  and  opaque 
projection. 

Subsequent  discussion  regarding  optic¬ 
al  transfer  will  assign  quantitative  values 
FIGURE  2:  Phosphor  spectral  power  output. 
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to  this  factor. 

System  Integration 
Film  Recording 

In  Figure  2  are  plotted  the  normalized 
relative  responses  of  four  phosphor  types 


FIGURE  3:  Relative  spectral  responses,  P-5  phosphor  as  modified  by  non-color  sensitized  and  ortho 
emulsions. 
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derived,  illustrated  in  Figures  3,  4,  and 
5.  Figure  3  shows  the  effect  of  the  two 
emulsions  upon  a  P-5  phosphor;  Figure 
4  illustrates  the  modification  of  P-16  and 
P-11  phosphors;  and  Figure  5  the  effect 
upon  P-24  phosphor  response  by  the 
same  two  emulsions.  Table  I  summarized 
the  results. 

When  a  is  multiplied  by  other  trans¬ 
mission  efficiencies,  by  input  power  den¬ 
sity,  and  by  the  time  of  exposure,  the 


product  yields  the  energy  density  avail¬ 
able  for  photorecording: 


7/a/3KPr  „ 

E  J-J- -  x  107 

A 


ergs/cm 


2 


Where, 


T)  -  phosphor  conversion  efficiency 
(Table  VI) 

a  spectral  transfer  efficiency 


FIGURE  4:  Relative  spectral  responses,  P-16  &  P-11  phosphors  as  modified  by  non-color  sensitized  and 
ortho  emulsions. 
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FIGURE  5:  Relative  spectral  responses,  P-24  phosphor  as  modified  by  non-color  sensitized  and  ortho 
emulsions. 


(Table  I) 

/3  optical  transmission  efficiency 
(Section  5) 

K  screen  utilization  factor 
(Table  VII) 

P  exciting  beam  power,  watts 

t  -  time  over  area  A,  seconds 

A  scan  area  on  phosphor,  cm^ 

This  available  energy  is  then  compared 
with  that  required  for  achieving  a  par¬ 
ticular  optical  density  for  a  selected 
emulsion.  Several  interpretations  of  T 
and  A  may  be  employed: 

1.  If  a  line-scan  application,  then  T 
may  be  the  time  for  one  active  line 
and  the  A  may  be  the  length  times 
effective  width  of  the  line. 

2.  For  a  raster  scan  (array  of  lines), 
the  T  may  be  the  total  frame  time 
(excluding  blanking)  and  A,  the 
total  raster  area  (if  the  raster  is 
composed  of  merged  lines).  If  the 
raster  lines  are  not  merged,  then 
account  must  be  taken  of  the  re¬ 
duction  in  active  area  for  increased 
“space”  between  lines. 

3.  If  a  single  impulse  is  to  be  re¬ 
corded  as  a  “dot,”  then  T  is  the 
time  of  application,  and  A  is  the 
area  of  the  dot. 

The  phosphor  rise  and  decay  times  do 
not  appear  in  this  expression,  for  the 
radiation  derived  from  an  element  of 
phosphor  is  to  dwell  on  the  elemental 
emulsion  during  the  entire  rise  and  de¬ 
cay  interval,  integrating  radiant  energy 
over  the  exposure  period.  One  should, 
therefore,  choose  a  phosphor  having  de¬ 
cay  time  which  is  small  compared  to  the 
entire  exposure  interval;  a  criterion  which 
is  readily  satisfied.  All  other  factors  in 
this  expression  are  subsequently  dis¬ 
cussed  and  evaluated. 

Photomultiplier  Signal 

The  CRT  phosphors  employed  for 
photomultiplier  signal  extraction  are 
generally  required  to  exhibit  a  rapid 
decay-time  characteristic  to  permit  fol¬ 
lowing  the  intended  rapid  intensity  vari¬ 
ations.  The  P-16  and  P-24  types  are 
representative  of  these  fast-decav  phos¬ 
phors. 

It  is  fundamental  that  the  photocath¬ 
ode  responses  generally  fall  around  the 
shorter  wavelength  regions  of  the  spec¬ 
trum,  providing  reasonable  compatabili- 
ty  with  the  radiation  from  fast  phos¬ 
phors.  The  S-ll  and  S-20  types  are 
representative  of  these  high  sensitivity 
photochthodes  which  are  specified  and 
designed  with  light-transmitting  glass 
entrance  windows. 

Again,  we  construct  a  transfer 
efficiency  factor,  a,  this  time  between 
phosphor  and  photocathode,  as  follows: 
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TABLE  II 

Phosphor-Photocathode  Spectral  Transfer, 


Phosphor  Type 


and  arrive  at  a  numeric  approximation 
for  non-analytic  expressions: 


atl  z=  transfer  efficiency  with  S-ll  photocathode 
=  transfer  efficiency  with  S-20  photocathode 
(all  values  referenced  to  maximum  radiant  sensitivity  of  photocathode) 


(m  >  n) 


summing  over  all  equal  significant 
wavelength  increments,  AA.  The  A’s 
again  represent  phosphor  radiation, 
while  the  C’s  now  represent  the  photo¬ 
cathode  sensitivities. 


Illustrated  in  Figure  6  are  the  re¬ 
sponses  of  S-ll  and  S-20  photocathodes, 
while  Figure  7  demonstrates  the  effect 


upon  P-11  and  P-24  spectral  outputs  by 
each  of  the  photocathode  spectral  re¬ 
sponses.  Again,  the  area  under  the  modi¬ 
fied  curve  divided  by  the  area  of  the 
original  curve  represents  the  transfer  ef¬ 
ficiency,  a. 

When  a  is  multiplied  by  other  trans¬ 
mission  efficiencies  and  by  the  input 
power,  we  obtain  the  power  delivered 
to  the  photocathode, 

P„  =  P„  o  F  K 

Where 

P„  —  phosphor  radiant  power. 


FIGURE  6:  Spectral  responses  of  S-ll  &  S-20  photocathodes. 
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-Response  To  S-20 


Response  To  S-ll 


Response  To  S-ll 


Response  To  S-20 


FIGURE  7:  Relative  spectral  responses,  P-16  &  P-24  phosphors  as  modified  by  S-ll  &  S-20  photocathodes. 


watts 

a  =  phosphor-photocathode  spec¬ 
tral  transfer 

F  =  system  optical  transfer 
efficiency 

K  -  screen  utilization  factor 
Since,  as  before, 

P..  =  v  P 

where 

v  =  phosphor  conversion 
efficiency 

P  =  exciting  beam  power,  watts 
then  we  obtain 

P„  =  j/rtFKP  x  10'1  microwatts 
Since  the  radiant  sensitivity  (Sr)  of 
photocathodes  is  typically  specified  in 
microamps  per  microwatt  at  peak  sen¬ 
sitivity,  the  photocathode  current  is  thus 
directly  obtained.  Although  we  have  not 
yet  evaluated  F  or  K,  the  course  for  de¬ 
termination  of  the  signal  current  is  now 
clear.  This  signal  current  may  then  be 
compared  with  the  significant  noise  cur¬ 
rents  to  establish  a  signal-to-noise  ratio. 


Photomultiplier 
Signal-to-Noise  Ratio 
Photomultiplier  Noise 


Photomultiplier  noise  power  may  be 
expressed  as 


N=Ns+Nt  =  2eB! 


5  -  1 


-RI0+4K1 


where, 


lg  =  amplified  shot  noise  power 

t  =  thermal  agitation  (Johnson) 
noise  power 
=  charge  on  electron  = 

1.6  x  10-1^  coulomb 
5  =  signal  bandwidth, 

cycles/seconu 
=  secondary  emission  ratio 
=  number  of  stages  of 
multiplication 
i  =  load  resistance 
3  =  photocurrent 
1  =  Boltzmann’s  constant  = 

1.38  x  10~23  watt- sec/ degre 
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An  evaluation  of  Nt,  the  Johnson  noise 
component,  reveals  that  its  magnitude  is 
generally  insignificant  compared  with 
the  amplified  shot  noise.  A  typical  value 
of  N.  (for  T  =  300°K  and  B  =  6  me) 
is  3.3  x  lO-14  watt,  while  N»,  the  shot 
noise  power  is,  therefore,  discarded  com¬ 
pared  to  the  dominant  amplified  shot 
noise,  yielding, 


N  =  N  =  2  eB  -gn  (gn  *  1  ~  1)  I  R 
&  5-1  0 


c;2n  +  1 

=  2  eB  -2 -  I  R 

5-1  0 

since  52n  +  1  »  5n  for  5  >  2 


Signal-to-Noise  Ratio 


S  77«FKSrP  5-1 

N  2eB  5 


where, 

SR  and  P  are  expressed  in  equiv¬ 
alent  power  units; 

F  =  Ff/3V,  defined  under  Lens 
Transmission  and  Absorption.  All 
other  terms  as  previously  defined. 

Expressed  in  decibels, 

N„h  =  10  log,,, 

The  radiant  sensitivity  (Sr)  of  the  two 
selected  photocathodes,  S-ll  and  S-20, 
are  listed  in  Table  III. 


The  signal  power  into  the  load 
resistance,  R,  is 

S  =  (5n  I0)  2  R 

When  divided  by  the  above-derived 
noise  power,  we  yield  the  signal-to- 
noise  ratio 


S 

N 


52n  I02  R 


s;2n  +  1 

2  eB  -2 - I0  R 


5  -  1 


whence, 


S 

N 


lo  S -1 

2  eB  5 


The  signal-to-noise  ratio  is  shown  to 
be  independent  of  the  magnitude  of  the 
load  resistance  and  directly  proportional 
to  the  power  available  to  the  photocath¬ 
ode. 

Since  L  =  radiant  sensitivity  of  pho¬ 
tocathode  (S.)  x  power  available  to 
photocathode  (P,.) 

Then,  in  terms  of  known  transmission 
constants, 


TABLE  III 

Radiant  Sensitivitoy  of 
Photocathode,  S. 

Photocathode  Sr,  uA/u  watt 
S-ll  .05 

S-20  .064 


We  can  compress  the  signal-to-noise 
expression  further  by  combining  the  pro¬ 
duct  of  three  terms  into  a  new  transfer 
constant.  The  phosphor  conversion  effi¬ 
ciency,  v,  the  phosphor-photocathode 
spectral  transfer,  a,  and  the  photocath¬ 
ode  radiant  sensitivity,  Sr,  may  be  ex¬ 
pressed  as  a  new  factor,  the  phosphor- 
photocathode  transfer  efficiency, 

amps  (through  load) 

ln-l»  —  1J a  <*n-b  Jr  - — = - = - : 

watt  (electron  beam) 


were,  subscript 

a  =  phosphor  notation 
b  =  photocathode  notation 
For  example,  the  P-16,  S-ll  combina¬ 
tion  yields, 


TABLE  IV 

Phosphor-Photocathode  Transfer  Efficiency,  T,.-b 
In  Amperes  (x  10-3)  through  Load  per  Electron  Beam  Watt 


Phosphor  Type 

P-24 

P-16 

Photocathode 

S-ll 

T„.u  =  0.88 

Tin- u  —  2.08 

Type 

S-20 

T  24-’20  =  1-02 

l"i(i-2u  =  2.83 

T,„.,,  =  .049  x  0.85  x  .05  =  2.08  lO'3 
amps 
watt 

With  this  notation,  the  signal-to-noise 
ratio  becomes 


S  _  T,.„  FK  P  S  —  1 
N  2  eB  & 

where  T„-i,  =  phosphor-photocathode 
transfer  eff  (Table  IV) 

F  =  optical  transmission  eff 
(Section  5B) 

K  =  screen  utilization  factor 
(Table  VII) 

P  =  exciting  beam  power,  watts 

S  =  photomultiplier  secondary 
omission  ratio 

e  =  charge  on  electron  =  1.6 
x  10-,!>  coulomb 

B  =  signal  bandwidth,  cycles/ 
second 


Table  IV  summarized  this  new  con¬ 
stant  for  our  selected  combinations  of 
phosphor  and  photocathode,  (n  from 
Table  VI,  a«  t,  from  Table  II,  and  Sr 
from  Table  III). 

Lens  Transmission  and  Absorption 

Between  the  phosphor  and  the  photo¬ 
sensor  are  optical  elements  whose  sole 
purpose  is  to  economically  direct  the 
maximum  available  energy  to  the  object 
plane  with  acceptable  aberration. 

This  optical  transmission  efficiency  is 
composed  of  two  factors:  A  wavelength- 
insensitive  transmission  factor  and  a 
wavelength-dependent  transmission  fac¬ 
tor. 

Let:  /It  =  fixed  or  wavelength-insen¬ 
sitive  factor  (for  photorecording) 

Fr  =  fixed  or  wavelength-insensitive 
factor  (for  flying  spot  signal  extraction) 

fly  —  variable  or  wavelength-depend¬ 
ent  factor  for  either  case. 

Then,  for  photorecording, 

P  =  /M> 
and  for  signal  extraction, 

F  1  Fr/8<- 

The  transmission  loss  which  determines 
Pt  and  Fr  is  considered  here  due  to  col¬ 
lecting  a  finite  portion  of  the  radiant 
flux. 

Although  a  limited  optical  aperture  is 
the  primary  cause  of  this  loss,  in  wide- 
angle  applications,  two  additional  factors 
become  significant:  Reduction  of  illumi¬ 
nance  off  axis,  and  vignetting.  The  re¬ 
duction  of  illuminance  off  axis  varies  ap¬ 
proximately  as  cos'  o  where  e  is  the 
angle  off  axis,  while  the  vignetting  must 
be  determined  from  the  particular  physi¬ 
cal  configuration  of  lens  and  barrel  as¬ 
sembly. 

The  complete  transmission  factor  is 
represented  by: 
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FIGURE  8:  Typical  transmittance  of  uncoated  y2-in.  thick  samples  of  optical  glass  (index  of  refraction 
in  parentheses). 


A.  For  photorecording 

flf  cos4  6  V6> 

1  +  4f2(M+l)2 


For  photorecording,  the  composite 
optical  transfer  is 


result,  some  “quality”  lens  assembly 
transmissions  are  similar  to  that  of  the 
Dense  Barium  Flint  response  of  Figure 
8.  The  substantial  thickness  of  “fast” 
lenses  degrades  transmission  as  the  pow¬ 
er  of  the  multiple  of  (K")  thickness.  For 
example,  a  lens  composed  of  2"  of  glass 
on  axis  suffers  a  loss  of  (/?,)'. 

Any  new  lens  design  should  take  ad¬ 
vantage  of  those  factors  which  simplify 
the  assembly.  The  system  acuity,  in  terms 
of  resolvable  subtended  angle  of  arc  may 
be  more  lenient  in  CRT  optics  than  in 
photographic  optics.  Hence,  corrections 
for  aberrations  may  be  achieved  with 
simpler  lens  assemblies  with  less  total 
glass  in  the  optical  path.  Furthermore, 
some  50?  advantage  may  be  derived 
from  correcting  for  chromatic  distortions 
only  over  the  limited  range  of  wave¬ 
length  operation,  rather  than  the  full 
spectrum.  Finally,  “anti-reflective”  coat¬ 
ings  must  be  optimized  in  the  transmis¬ 
sion  band,  for  they  are  typically  reflec¬ 
tive  in  the  blue  and  violet  regions  when 
coated  for  visual  optics. 

Conservation  of  Energy 
At  the  CRT  Screen 


where  6  =  off-axis  image  angle 

-  transmission  factor  due  to 
vignetting 
f  —  optical  f-number 
M  =  magnification,  image/object 


P  =  PtPy 

while  for  flying  spot  scanning,  the 
optical  transfer  is 


B.  For  flying  spot  scanning, 

p  cos4  6  sin2  4>  V q 

2 

where 

=  off-axis  lens  angle  subtend¬ 
ing  object  space. 

When  the  lens  subtends  a  small  angle, 
such  that  sin  <t>  ~  4>, 

Then,  Ff  =  I  cos4  d  4>2 

In  terms  of  lens  f-number  and  magnifi¬ 
cation, 

cos4  6  Vfl  M2 

Ff  = - e— 

8f2  (M+l)2 

The  distinction  between  /3f  and 
Ff  is  that  between  radiant  density 
(/3f)  in  power  per  unit  area,  and  the 
radiant  flux  (Ff)  in  power  units.  For 
photorecording,  it  is  the  power  den¬ 
sity  which  exposes  the  elemental 
emulsion  area,  while  for  flying  spot 
scanning,  it  is  the  total  power  which 
determines  the  signal  current.  They 
are  related  as, 


M2 

F  =  F  f/3v--0f0v 

The  wavelength-variable  transmission 
components  ft-  is  determined  from  char¬ 
acteristics  of  several  representative  op¬ 
tical  glasses  ('A"  thick)  plotted  vs.  wave¬ 
length  in  Figure  8.  A  “corrected”  lens 
assembly  is  composed  of  compounded 
elements  of  assorted  indices  of  refraction 
for  the  control  of  monochromatic  as  well 
as  chromatic  aberrations.  Hence,  high  in¬ 
dex  of  refraction  glass  (having  poor  vio¬ 
let  transmission)  must  be  used.  As  a 


An  electron  beam  impinges  upon  a 
fine  deposit  or  luminescent  material. 
Upon  impact  and  deceleration,  the  phos¬ 
phor  is  stimulated  into  luminous  radiation 
(fluorescence),  which  generally  persists 
after  the  excitation  has  ceased  (phos¬ 
phorescence).  Only  a  small  percentage 
of  this  cathode-derived  electron  beam 
energy  is  converted  into  light  flux  (cath- 
odolumineseence)  while  the  balance  dis¬ 
sipates  mainly  as  heat.  Light  flux,  meas¬ 
ured  in  lumens,  is  energy  per  unit  time 
passing  through  a  surface;  dimensionally, 
equivalent  to  power. 

Conservation  of  energy  establishes  this 
radiant  light  flux.  Over  a  given  period 
of  time,  the  power  which  originates  in 
the  electron  beam  of  a  given  current,  ac¬ 
celerated  through  a  given  potential,  is 
also  conserved.  The  potential  difference 
determines  the  final  velocity,  hence,  the 
impact  conditions  which  establish  radia¬ 
tion. 
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TABLE  VI 

Radiant  Equivalents  for  Four  Selected  Phosphors 
Luminous 


Phosphor 

Type 

Equivalent 
(Radiated 
lumens  per 
radiated 
watt) 

Absolute 
Efficiency,  v 
(Radiated 
watts  per  watt 
excitation) 

P-16 

2.5 

0.049 

P-5 

90 

0.025 

P-11 

140 

0.10 

P-24 

360 

0.025 

TABLE  VII 

Typical  Screen  Utilization  Factors,  K, 

of  Four  Screen  Processes 

Screen  Process 

Utilization  Factor,  K 

Coarse  Settled  Aluminized  Screen 

1.0 

Fine-Grain  Settled  Aluminized  Screen 

0.5 

Vapor-Reacted  Screen  —  unpolished 

0.3 

Vapor-Reacted  Screen  —  polished 

0.1 

In  aluminized  screens,  some  energy  is 
absorbed  at  this  fine  reflective  coating, 
while  a  residue  of  the  electron  beam 
penetrates  the  phosphor  and  dissipates 
in  the  glass  wall.  Over  a  given  set  of 
operating  conditions,  these  two  factors 
are  relatively  constant,  since  high  resolu¬ 
tion  cathode-ray  tubes  operate  at  poten¬ 
tials  which  are  confined  to  a  narrow 
range. 

A  conventional  (visible)  phosphor  sur¬ 
face  is  diffuse  due  to  the  random  settling 
of  the  particles  which  scatter  and  re¬ 
radiate  the  light  from  the  bombarded 
point.  In  extremely  high  resolution  ap¬ 
plications,  where  scattering  cannot  be 
tolerated,  a  “vapor-reacted”  phosphor  is 
formed  directly  on  the  faceplate,  and  is 
homogeneous  and  invisible  when  pol¬ 
ished.  However,  in  the  ‘transparent” 
screen,  much  of  the  light  flux  is  edge- 
conducted  by  the  glass  walls,  draining 
radiation  from  the  point  source. 

Phosphor  Efficiency 

The  electron  beam  imparts  its  total 
energy  to  the  phosphor  area.  The  frac¬ 
tion  which  dissipates  as  heat  in  the  fine 
aluminum  coating  may  be  derived  from 
Table  V. 

Since  the  aluminized  surface  can  re¬ 
flect  a  maximum  of  50%  of  the  total 
luminous  radiation,  the  aluminum  elec¬ 
tron  transmission  efficiency  must  be 
greater  than  0.50  to  be  useful.  The  cross¬ 
over  in  efficiency  by  virtue  of  aluminiz¬ 
ing  is  rapid,  and  the  shaded  area  of 
Table  V  denotes  the  combinations  of 
thicknesses  and  potentials  which  will 
yield  no  practical  gain  by  aluminizing. 
On  the  other  hand,  operation  between 
20KV  and  30KV  with  aluminum  thick¬ 
nesses  between  500  A  and  200  A  results 
in  excellent  transmission  of  energy,  and 
hence,  a  gain  of  almost  2  in  useful  radia¬ 
tion. 

The  electron  penetration  into  and  be¬ 
yond  the  phosphor  layer  must  also  be 
controlled.  If  the  phosphor  layer  is  too 
thick,  no  energy  will  be  lost  in  the  glass, 
but  light  flux  will  be  absorbed  by  phos¬ 
phor.  If  the  layer  is  too  thin,  almost  all 
radiated  flux  will  be  useful,  but  much 
electron  beam  energy  will  be  dissipated 
as  heat  in  the  glass. 

Since  electron  beam  penetration  varies 
almost  as  the  square  of  the  accelerating 
potential,  a  relatively  narrow  range  of 
potentials  exist  over  which  maximum 
phosphor  efficiency  may  be  achieved. 

When  the  CRT  is  designed  for  a  par¬ 
ticular  range  of  operating  potentials,  and 
the  optimum  screen  thicknesses  are  main¬ 
tained,  we  can  predict  luminous  output 
for  a  given  power  input  by  considering 
phosphor  efficiency  constant  over  the 
limited  operating  range. 

The  straight  line  equation  for  lumin¬ 
ous  output  is,  therefore,  L  —  ij  I  (V.,  — 

V.), 


where, 

ij  =  intrinsic  luminous  efficiency, 
lumens/watt 

I  =  beam  current,  amperes 
V.,  =  operating  potential,  volts 
V»  =  potential  at  which  output  ap¬ 
proaches  zero  due  to  loss  in 
aluminum  film,  volts 
In  a  well  designed  tube,  V„  is  chosen 
so  that  at  least  90%  of  the  beam  energy 
penetrates  the  aluminum,  while  V,.  is 
that  potential  at  which  penetration  is 
about  50%.  (Cross-over  of  aluminizing 
usefulness.)  A  significant  uniformity  of 
data  permits  the  application  of  a  simple 
efficiency  index  over  a  wide  range  of 
conditions. 

Table  VI  presents  the  corrected  phos¬ 
phor  efficiency  (v)  directly  in  watts 
radiated  per  watt  excitation7  for  the  four 
selected  phosphors.  This  is  the  factor 
which  is  to  be  inserted  into  the  energy 
transfer  equations  for  photorecording  and 
for  photomultiplier  signal  extraction. 

The  Luminous  Equivalent  (tabulated 
in  lumens  per  radiated  watt)  is  derived 
from  the  experimentally  established  spec¬ 
tral  response.8  It  indicates  the  correspon¬ 
dence  between  the  radiated  spectral  en¬ 
ergy  and  the  spectral  response  of  the 
human  eye;  the  ratio  of  the  luminous 


equivalent  to  680  denotes  the  proportion 
of  radiant  energy  to  which  the  human 
eye  will  respond.  Note  that  P-16,  with 
its  major  contribution  at  the  short  wave¬ 
length  end  of  the  spectrum  exhibits  less 
than  1%  of  luminous  equivalent  of  the 
clearly  green  P-24  phosphor. 

The  mechanical  application  of  the 
phosphor  screen  material  often  deter¬ 
mines  radiation  efficiency.  A  polished 
transparent  “vapor  reacted”  screen  radi¬ 
ates  about  one  tenth  of  the  useful  light 
or  the  conventional  settled  phosphor 
screen.  If  left  unpolished,  this  figure  may 
be  trebled.  These  screens  exhibit  high 
overload  resistance  due  to  the  intimate 
contact  between  the  phosphor  and  the 
glass,  providing  high  thermal  conduction. 
But  much  of  the  light  is  totally  reflected 
between  the  polished  surfaces  of  the 
phosphor  layer  and  the  glass. 

Furthermore,  the  extremely  small  crys¬ 
tal  size  yields  a  reduced  number  of  im¬ 
purities  or  lattice  defects  per  crystal, 
offering  fewer  radiation-producing  re¬ 
combinations  at  these  luminescent  cen- 


(7)  “Typical  Absolute  Spectral  Response  Char¬ 
acteristics  of  Aluminized  Phosphor  Screens,” 
Components  and  Instrumentation  Laboratory, 
ITT  Industrial  Labs. 

(8)  JEDEC  Publications  No.  16,  “Optical  Char¬ 
acteristics  of  Cathode-Ray  Tubes.”  JEDEC 
Electron  Tube  Council,  June  1960. 
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ters.  Although  these  screens  achieve  a 
finer  spot,  with  less  loss  from  scattering 
and  multiple  reflections,  reduced  radia¬ 
tion  is  derived  in  the  direction  of  inter¬ 
est.  Table  VII  lists  the  screen  utilization, 
K  of  lour  typical  screen  processes. 


Limits  of  Linearity 

The  linear  energy  transfer  equation 
L  =  i)  I  (V..  —  V.)  =  P  has  been  in¬ 
vestigated,  in  view  of  the  following  ex¬ 
perimental  and  theoretical  limitations  on 
the  range  of  linearity: 

1.  With  beam  current  and  anode  po¬ 
tential  hold  constant,  (constant 
beam  power)  luminous  output  is 
often  a  function  of  spot  focus;  the 
defocused  raster  yielding  a  higher 
luminous  output.  Thus  is  indicated 
a  variation  of  efficiency  with  pow¬ 
er  density. 

2.  A  plot  of  luminous  output  vs.  beam 
current  tends  to  saturate  at  higher 
currents,  and  yields  lower  output 
as  scan  time  is  increased.  Thus,  is 
developed  a  variation  of  efficiency 
with  exposure  ( energy  density' , 
„  =  f(E)  =  f  (p,t,A) . 

3.  A  steady  state  characteristic  called 
“aging”  is  demonstrated,  having 
the  form 


L  =  L„ 


1 

1  +  CN 


where,  L».  =  initial  luminosity 
L  =  aged  luminosity 
C  =  bum  parameter,  cm- 
N  =  number  of  electrons  de¬ 
posited  per  cm-'  — 
f  (T),  (T>  t). 

Thus,  is  developed  a  variation  of  ef¬ 
ficiency  with  long  exposure  time,  n  = 
f  (N)  =  f  (T). 

In  cases  (1)  and  (2),  the  efficiency 
is  modified  by  instantaneous  tempera¬ 
ture,  in  which  higher  bombarding  ener¬ 
gy  tends  to  reduce  luminous  output.  The 
familiar  darkening  after  extended  use, 
along  with  a  corresponding  loss  in  light 
output,  also  demonstrates  case  (3).  It 
is  interesting  to  note  that  aging  charac¬ 
teristics  have  been  shown  to  be  related 
directly  to  exposure,  validating  acceler¬ 
ated  tests  to  hasten  experimental  data. 

Although  high  resolution  cathode-ray 
beams  are  accelerated  through  potentials 
which  approach  the  magnitude  of  pro¬ 
jection  CRT  beams,  their  current  densi¬ 
ties  are  far  below  those  of  projection 
technology.  Where  projection  tubes  at¬ 
tain  average  currents  in  hundreds  of  milli- 
amperes,  the  photorecording  CRT  rare¬ 
ly  exceeds  currents  of  a  hundred  micro¬ 
amperes.  In  order  to  achieve  the  high 
resolution  demanded  of  photorecording, 
the  typical  1-mil  diameter  beam  seldom 
exceeds  currents  of  10  microamperes. 


On  the  other  hand,  a  projection  CRT 
having  a  10-mil  diameter  beam  may  well 
attain  1  ampere  of  peak  current.  This 
represents  a  change  in  power  density  of 
about  1000  to  1.  Of  course,  when  the 


recording  situation  demands  extremely 
high  radiation  from  the  CRT  at  relatively 
low  resolution,  then  allowance  must  be 
made  for  reduction  in  efficiency  due  to 
phosphor  heating.  The  data  provided 
here  assumes  operation  on  new  screens 
below  the  temperature  of  phosphor  sat¬ 
uration.  Note,  too,  that  the  beam  power 
is  determined  by  beam  current;  not  by 
cathode  current. 

The  cathode  current  is  often  consider¬ 
ably  larger  than  the  beam  current  due  to 
losses  in  limiting  aperture  which  shape 
and  reduce  the  size  of  the  emerging 
beam.  Some  high  resolution  CRT’s  have 
electron  guns  which  operate  at  almost 
100%  efficiency;  the  fine  beam  cross-over 
at  the  cathode  is  imaged,  rather  than  an 
extruded  bundle  at  a  limiting  aperture. 

Choice  of  Phosphor 

The  Luminous  Equivalent  listed  in 
Table  VI  (in  radiated  lumens  per  radi¬ 
ated  watt)  is  significant  if  the  CRT  must 
be  viewed  or  displayed.  Then  a  high 
Luminous  Equivalent  (such  as  that  from 
the  P-11  and  P-24)  is  favored.  It  is  the 
product  of  Luminous  Equivalent  and 
Absolute  Efficiency  which  provides  an 
index  of  visual  luminous  efficiency.  For 
example,  the  (blue)  P-11  radiates  140 
x  0.1  =  14  lumens  per  watt,  while  the 
(green)  P-24  radiates  360  x  0.025  =  9 
lumens  per  watt  (at  low  excitation  den¬ 
sities). 

Application  of  the  P-16  or  equivalent 
phosphor  is  almost  mandatory  when  an 
extremely  fast  decay  time  is  demanded 
for  photomultiplier  signal  extraction. 
(Note  that  the  phosphor  rise  time  is 
generally  an  insignificant  proportion  of 
its  radiation  time,  T).  An  added  advant¬ 
age  of  this  blue-im  phosphor  is  the  adap¬ 
tability  to  non-color  sensitized  emulsions 
and  their  attendant  freedom  from  am¬ 
bient  exposure  (fog).  The  non-color  sen¬ 
sitized  emulsion  permits  this  advantage 
even  with  the  P-5  and  P-11  phosphors, 
but  represents  too  drastic  a  loss  for  the 
P-24.  For  quantitative  values,  see  «... 
of  Table  I. 

The  P-24  provides  a  unique  freedom 
from  burn  damage.  This  heartiness  is 
demonstrated  by  test  data  which  indi¬ 
cates  that  90%  of  the  initial  intensity  is 
available  from  the  P-24  after  1  coulomb/ 
cm-  exposure,  while  only  25%  of  the  ini¬ 
tial  intensity  is  available  from  the  P-16 
after  a  comparable  exposure.  After  100 
coulombs/cm2,  the  P-24  yields  40%  of  its 
initial  output,  while  the  P-16  only  5%. 
For  this  reason,  the  P-16  is  sometimes 
burned-in  to  permit  operation  over  its 
more  stable,  longer-term  interval.  Such 
considerations  will  markedly  affect  the 
effective  value  of  efficiency,  v,  which 
has  been  specified  in  Table  VI  for  fresh 
phosphor. 

To  provide  quantitative  values  for  rela¬ 
tive  stability,  the  number  of  coulombs/ 
cm2  necessary  to  reduce  LtoKL..  (aging 


characteristic)  are  as  approximately  as 
follows: 

P-16,  0.1;  P-11,  17;  and  P-24,  34 

These  are  the  equivalent  values  of  am¬ 
peres  per  second,  over  the  scanned  area 
of  one  cm2.  For  example,  1  /‘A  beam 
current  over  1  square  cm  for  1  million 
seconds  (about  5  weeks  at  8  hours  per 
day)  would  represent  1  coulomb/ cm2 
of  exposure. 


APPENDIX 

The  Quantum  Yield  Factor 

Planck’s  radiation  law  states. 


where  li  —  Planck’s  constant 

v  =  frequency  of  radiation 
c  =  velocity  of  light 
X  =  wavelength  of  radiation 
In  terms  of  electron-volts  of  energy,  eV, 
he 

it  should  require  V  =  —  volts  per  photon”] 
Xe 

to  stimulate  a  phosphor  into  radiation  at 
wavelength  X. 

Substituting  for  known  constants, 
h  —  6.625  x  10'-7  erg-sec 
c  —  3  x  1011'  cm/sec 
c  1.6  x  10-’-  erg 

we  find  that  for  every  micron  of  radiation, 


r  1.24  , 

we  require  an  input  energy  ot  — —  electron 

volts  per  photon  eV  liberated. 

where  X  A  =  wavelength  in  microns. 
Conversely,  if  the  radiator  were  absolute¬ 
ly  efficient,  it  would  liberate 
X  /i 

tj  max  =  Y94  Photons  per  eV. 


Fo  rexample,  the  P-11  phosphor  with  peak 
radiation  at  0.64  a  should  liberate 
0.46 

t)  max  =  =  0.38  photons/e Y . 

Table  VI  indicates,  however,  that  only 
0.038  photons  per  electron  volt  arc  liberated, 
denoting  an  absolute  efficiency  of 
v  =  0.038/0.38  ='o.l, 
corresponding  to  the  value  listed  for  1;  in 
the  same  Table. 

Multiplication  of  the  quantum  yield  factor 
by  the  accelerating  potential  in  volts  results 
in  an  efficiency  rating  of  quantum  yield  in] 
photons  per  electron.  This,  in  turn,  may  be 
interpreted  in  terms  of  measurable  quantities 
by  applying  the  conversion, 

1  amp  =  1  coulomb/sec  =  6.28  x  101S  I 
electrons/sec. 

whence, 

1  A  A  =  6.28  x  10’ 2  electrons/sec. 

For  V  =  27KV,  the  P-11  phosphor  yields 

27  x  10*  x  .038  =  10:l  photons/electron. 

At  2  A  A  beam  current,  it  will  radiate 
6.28  x  10’-  x  2  x  10”  =  12.6  x  10”  photons 


/sec.  I 

A  given  exposure  in  seconds  then  yields  H 
the  total  energy  radiated  by  the  phosphor  i”l 
photons.  K 
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Applications  Guide  to  Display 
Storage  Tube  Parameters 


by  F.  N.  Ingham 


CROSS  SECTION  VIEW 


Summary 

Display  storage  tubes  are  finding 
wide  use  in  military  and  commercial 
applications  because  of  their  unique 
advantages  over  cathode  ray  tubes. 
The  parameters  used  to  describe 
display  storage  tube  performance 
are  defined  and  the  inter-relations 
between  the  different  parameters 
are  examined.  The  three  features 
of  display  storage  tubes:  brightness 
integration,  controlled  display  per¬ 
sistence,  and  high  display  brightness 
are  explained  in  terms  of  tube 
parameters  and  system  require¬ 
ments. 


Introduction 

This  article  deals  with  tube  para¬ 
meters  of  display  storage  tubes  utilizing 
nonequilibrium  writing  by  means  of  sec¬ 
ondary  emission  and  transmission-con¬ 
trolled  viewing. 

The  display  storage  tube  is  a  device 
which  utilizes  a  dielectric  surface,  one  or 
more  write  guns  to  store,  and  a  view¬ 
ing  gun  to  display  intensity  and  deflec¬ 
tion  modulated  signals.  The  dielectric 
surface,  deposited  on  a  metal  mesh, 
called  the  backing  electrode,  is  the  vital 
tube  element.  Its  secondary  emission 
ratio  is  the  phenomenon  upon  which 
tube  operation  depends.  Figure  1  is  a 
cross  section  of  a  typical  display  storage 
tube  showing  the  physical  location  of 
the  various  tube  elements.  Figure  2  is 
the  secondary  emission  curve  for  mag¬ 
nesium  fluoride,  one  of  the  commonly 
used  dielectric  surface  materials. 

Writing  is  accomplished  by  scanning 
the  dielectric  surface  with  a  modulated 
electron  beam  of  an  energy  such  that 
the  dielectric  surface  secondary  emission 
ratio  is  greater  than  one,  thus  storing 
a  positive  pattern. 

The  viewing  or  flood  gun  is  usually 
operated  continuously  with  the  cathode 
slightly  negative  to  the  backing  electrode 
potential;  electrons  from  this  gun  are 
modulated  by  the  stored  pattern  on  the 
dielectric  surface  to  produce  a  corre¬ 
sponding  brightness  pattern  on  the  phos¬ 
phor  viewing  screen.  This  mode  of 
operation  is  known  as  transmission  con¬ 
trol  and  is  used  in  the  majority  of  cur¬ 
rently  available  tube  types. 

Erasure  of  the  stored  charge  pattern 
is  accomplished  by  either  bringing  the 
backing  electrode  to  collector  potential 
(priming)  or  by  applying  a  positive 
pulse  train  of  low  amplitude  to  the  back¬ 
ing  electrode.  Either  method  will  bring 


FIGURE  1:  Cross-Section  View. 

the  dielectric  surface  to  viewing  cathode 
potential  through  the  mechanism  of  sec¬ 
ondary  emission. 

Three  features  which  give  display 
storage  tubes  an  advantage  over  cathode 
ray  tubes  are:  first,  brightness  integra¬ 
tion  of  repetitive  signals  for  signal-to- 
noise  improvement  and  threshold  de¬ 
termination;  second,  controlled  display 
persistence;  and  third,  high  display 
brightnesses  for  viewing  in  high  illumina¬ 
tion  ambients  and  for  use  in  projection 
applications. 

To  fully  explore  the  features  above  it 
is  necessary  to  review  the  various  tube 
parameters  and  their  inter-relationships: 
Writing  Speed 

Writing  speed  is  the  maximum  scan¬ 
ning  speed  at  which  a  raster  can  be 
written  to  a  specified  brightness  in  one 
frame.  A  complete  specification  of  writ¬ 
ing  speed  will  contain  the  measured 
value  in  inches  per  second,  the  written 
brightness  level  and  the  beam  current 
or  grid  drive  used.  Writing  speed  is  a 
function  of  the  dielectric  thickness,  the 
writing  beam  density,  and  the  transmis¬ 
sion  of  the  collector  electrode. 
Saturation  Brightness 

Saturation  brightness  is  the  maximum 
display  brightness  that  can  be  obtained 


Write 

Gun 


with  a  given  tube  at  the  specified  screen 
voltage.  Written  brightness  is  usually 
expressed  as  a  percentage  of  saturation 
brightness.  Saturation  brightness  is  a 
function  of  flood  beam  density,  the  col¬ 
lector  and  backing  electrode  transmis¬ 
sion,  and  the  screen  voltage. 

Erase  Time 

Erase  time  is  the  length  of  a  single 
rectangular  pulse  of  an  optimum  ampli¬ 
tude  that  is  required  to  erase  the  tube 
from  saturation  brightness  to  a  given 
percentage  of  saturation.  This  parameter 
is  directly  related  to  the  controllable 
persistence  feature  of  display  storage 
tubes.  Erase  time  is  a  function  of  the 
dielectric  thickness,  flood  beam  density, 
and  the  transmission  of  the  collector 
electrode. 

Storage  (Viewing)  Time 

Storage  time  is  the  time  for  the  screen 
brightness  to  go  from  cutoff  to  some 
specified  percentage  of  saturation  bright¬ 
ness.  Storage  time  is  limited  by  ion 
bombardment  of  the  dielectric  surface 
and  represents  the  maximum  useful  per¬ 
sistence  under  the  normal  mode  of  opera¬ 
tion.  Storage  time  can  be  extended  up 
to  several  hours  through  different  modes 
of  operation  although  any  increase  in 
storage  time  is  accompanied  by  a  cor- 
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SECONDARY  EMISSION  RATIO  OF  TARGET 


PRIMARY  BEAM  (KILOVOLTS) 


responding  decrease  in  writing  speed 
and  saturation  brightness  and  an  in¬ 
crease  in  erase  time.  Storage  time  is  a 
function  of  tube  vacuum,  dielectric  thick¬ 
ness,  flood  beam  density  and  collector 
electrode  transmission. 

Resolution 

Resolution  is  the  maximum  number 
of  raster  lines  that  can  be  distinguished 
per  inch.  Write  gun  spot  size  and  the 
collector  and  storage  electrode  pitch 
(mesh  lines  per  inch)  affect  resolution. 
In  general,  an  increase  in  mesh  pitch 
or  a  decrease  in  write  gun  spot  size  will 
improve  resolution.  A  change  in  mesh 
pitch,  however,  is  usually  accompanied 
with  a  change  in  mesh  transmission  so 
that  all  the  above  parameters  (i.e.  writ¬ 
ing  speed,  saturation  brightness,  erase 
time  and  storage  time)  are  affected. 

A  complete  specification  of  resolution 
will  contain  the  measured  value  and  the 
brightness  at  which  this  value  was 
measured. 

Uniformity 

Uniformity  is  a  measure  of  the  dif¬ 
ference  in  writing  brightness  across  the 
display  area  for  a  given  writing  speed 
and  grid  drive;  the  I.R.E  Standards  de¬ 
fine  two  types  of  non-uniformities:  dis¬ 
turbance  and  shading.1  Uniformity  is 
affected  by  mechanical  alignment  of  the 
mesh  screen  section  of  the  tube  and  by 
the  electron  optics  of  flood  gun  collima- 
tion.  Non-uniformity  is  greatest  for  very 
high  writing  speeds  and  large  display 
diameters. 

Usable  Levels 

Usable  levels  are  brightness  levels, 
each  related  to  a  different  input,  that 
can  be  distinguished  from  one  another 
regardless  of  location  on  the  storage 
surface.'  The  number  of  usable  levels 
is  limited  by  the  tube  uniformity  and 
system  operation. 

For  applications  where  the  maximum 
number  of  usable  levels  is  desired,  the 
writing  speed  should  be  specified  as  the 
minimum  value  necessary  for  system 
operation  so  as  to  optimize  the  useful 
writing  control  grid  range. 

Recent  development  of  a  high  con¬ 
trast  display  storage  tube  has  increased 
the  maximum  number  of  usable  levels 
by  a  factor  of  two  so  that  quality  TV 
displays  may  now  be  obtained  with  dis¬ 
play  storage  tubes.2 

Display  Diameter 

The  display  diameter  is  the  maximum 
display  that  can  be  obtained  with  a 
given  size  tube  (e.g.  a  5  inch  storage 
tube  usually  has  a  4  inch  display  di¬ 
ameter).  The  specification  of  the  dis¬ 
play  diameter  is  fully  detennined  by 
system  requirements. 

In  general,  as  the  display  diameter  is 
increased,  resolution,  uniformity,  satura¬ 
tion  brightness  and  environmental  limits 
are  decreased. 
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FIGURE  2:  Secondary  emission  ratio  of  target. 

Because  many  of  the  above  tube  para¬ 
meters  have  common  independent  varia¬ 
bles  (e.g.  dielectric  thickness)  or  are 
dependent  variables  of  another  para¬ 
meter  (e.g.  usable  levels  is  dependent 
upon  uniformity),  a  change  in  one 
variable  to  optimize  any  given  para¬ 
meter  will  necessarily  affect  several 
other  parameters.  Table  1  lists  all  dis¬ 
play  storage  tube  parameters  that  are 
affected  when  any  other  parameter  is 
optimized.  The  majority  of  these  trade 
offs  are  not  serious  unless  the  optimized 
parameter  is  to  be  a  “state  of  the  art” 
value.  The  ranges  of  various  parameters, 
indicated  by  current  data  sheets,  is  sum¬ 
marized  in  Table  2. 

The  three  advantages  of  display  stor¬ 
age  tubes:  brightness  integration,  con¬ 
trolled  display  persistence,  and  high  dis¬ 
play  brightness  can  now  be  examined 
to  show  how  to  specify  the  various  tube 
parameters  to  satisfy  system  require¬ 
ments. 

Brightness  Integration 

During  the  integration  process  the 
information  element  is  first  written  to 
a  given  fraction  of  saturation  brightness: 

B/SB  =  (  I  -  ek‘  ) 

where  1  is  the  dwell  time  on  each  ele¬ 
ment  per  frame  and  k  is  a  constant 
which  can  be  expressed  in  terms  of  writ¬ 
ing  speed.  In  most  applications  using 
the  integration  capability  of  the  dis¬ 
play  storage  tube,  the  time  between 
successive  writing  of  an  information  ele¬ 
ment  is  much  less  than  the  controlled 
persistence  of  the  tube  so  that  the 
signal,  when  rewritten,  is  sum  integrated. 

The  envelope  of  an  integrated  bright¬ 
ness  curve  can  be  represented  by  the 
formula: 


B  =  SB  [1  -  eIF  1>«1— y/iocri] 

where  B  is  the  integrated  brightness, 
SB  is  saturation  brightness,  y  is  the 
percent  of  saturation  brightness  to  which 
writing  speed  was  specified  and  IF  is 
the  brightness  integration  factor. 

The  brightness  integration  factor  is  a 
function  ol  display  sweep  speed  and  is 
equal  to: 

IF  =  (t)  (writing  speed) /line  width 

where  t  is  the  dwell  time  or  writing 
time  per  information  element,  and  line 
width  is  the  reciprocal  of  resolution.  For 
pulsed  systems  the  dwell  time  per  ele¬ 
ment  is  equal  to  the  received  pidse 
width,  for  continuous  systems  the  dwell 
time  is  equal  to  line  width/  sweep  speed. 

Figure  3  is  a  plot  of  integrated  bright¬ 
ness  (B)  versus  the  brightness  specified 
for  a  given  writing  speed  (y)  for  bright¬ 
ness  integration  factors  of  one  through 
six.  This  figure  and  the  original  formula 
have  been  found  accurate  for  values  of 
v  greater  than  30. 

From  the  formula  or  Figure  3,  the 
display  systems  engineer,  knowing  the 
required  time  base  speeds  and  display 
brightness  desired,  can  calculate  the 
minimum  writing  speed  required  of  the 
display  storage  tube. 

Controlled  Display  Persistence 

After  an  element  is  scanned  and  writ¬ 
ten  to  some  level,  the  decay  in  bright¬ 
ness  is  a  function  of  the  erase  time  of 
the  tube.  Using  a  rectangular  pulse 
train  of  the  same  amplitude  as  the  single 
pulse  used  to  measure  erase  time,  the 
persistence  is  very  nearly: 

Persistence  =  erase  time/pulse  train 

duty  cycle 
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TABLE  1 

Effects  from  Optimizing  Any  One  Parameter 


Desired  Parameter 

Affected  Parameters 

Writing  speed 

(maximum) 

Erase  time 

(decrease) 

Storage  time 

(decrease) 

Uniformity 

(decrease) 

Useable  levels 

(decrease) 

Brightness 

(decrease) 

Resolution 

(decrease) 

Brightness 

(maximum) 

Storage  time 

(decrease) 

Erase  time 

(decrease) 

Erase  time 

(minimum) 

Writing  Speed 

(increase) 

Storage  time 

(decrease) 

Brightness 

(increase) 

Storage  time 

(maximum) 

Erase  time 

(increase) 

Brightness 

(decrease) 

Writing  Speed 

(decrease) 

Resolution 

(maximum) 

Brightness 

(decrease) 

Writing  Speed 

(decrease) 

Display  diameter 

(maximum) 

Uniformity 

(decrease) 

Useable  levels 

(decrease) 

Note:  This  table  lists  all  affected  parameters.  Since  there  are  numerous  ways  to  optimize 
any  one  parameter,  the  degree  of  change  in  the  affected  parameter  may  or  may  not 
represent  a  "trade  off"  for  a  given  application. 


For  small  values  of  duty  cycle  ( i.e. 
less  than  .01),  the  amplitude  of  the 
pulse  train  must  be  increased  to  achieve 
the  persistence  given  in  the  formula  as 
ion  bombardment  of  the  dielectric  in  the 
interval  between  pulses  raises  the  di¬ 
electric  level  significantly.  Low  duty 
cycle  pulse  trains  are  desirable  as  writ¬ 
ten  information  is  lost  during  erase  pulse 
up  time. 

For  different  modes  of  operation,  the 
persistence  can  be  varied  by  program¬ 
ming  either  the  pulse  train  duty  cycle  or 
amplitude.  The  former  is  more  easily 
controlled  and  is  recommended  where 
practical.  The  effect  of  varying  the 
amplitude  of  the  erase  pulse  train  upon 
persistence  is  decidedly  nonlinear.-  When 
the  minimum  erase  pulse  amplitude  is 
used,  the  maximum  writing  speed  of  the 
tube  can  be  realized. 

Where  it  is  desirable  to  present  both 
smear  free  TV  type  displays  and  long 
persistence  displays  by  programming  the 
erase  pulse  train  duty  cycle,  the  erase 
time  must  be  specified  as  the  minimum 
value  possible.  With  current  erasing 
techniques,  a  smear  free  TV  display  can 
be  obtained  with  tubes  having  erase 
times  as  high  as  6  milliseconds.  To  ob¬ 
tain  a  4  second  persistence  with  the 
same  tube  the  erase  pulse  duty  cycle 
required  would  be: 

dutv  cycle  =  erase  time/persistence 
=  .006/4  -  .0015. 

The  erase  pulse  frequency  should  al¬ 
ways  be  chosen  greater  than  the  flicker 
frequency  for  viewer  comfort.  If  a  200 
cps  erase  pulse  frequency  is  chosen 
for  the  above  case,  then  a  7.5  micro¬ 
second  erase  pulse  of  optimum  ampli¬ 
tude  would  yield  a  persistence  of  4 
seconds. 

A  method  used  to  obtain  extended 
■persistence  and  to  avoid  ion  spot  build¬ 
up  (corresponding  to  storage  time)  is  to 
modulate  the  flood  gun  with  a  pulse 
train  of  a  selected  duty  cycle.  This  mode 
of  operation  yields  viewing  times  from 
several  minutes  to  hours  but  sacrifices 
brightness  in  proportion  to  the  duty 
cycle  used.  The  long  persistence  feature 
of  the  display  storage  tube  is  particular¬ 
ly  desirable  for  oscilloscope  viewing  of 
low  frequency  phenomena  as  flicker  is 
eliminated  and  the  storage  tube  replaces 
film  as  the  integrating  medium.  The  dis¬ 
play  brightness  of  display  storage  tubes 
in  an  extended  persistence  mode  is  quite 
adequate  to  permit  viewing  in  a  bright 
room. 

Display  Brightness 

The  display  storage  tube  is  essentially 
an  image  amplifier  in  that  the  beam 
current  required  to  write  the  informa¬ 
tion  on  the  storage  surface  is  less  than 
the  beam  current  used  to  present  the 


written  in  milliseconds  and  can  be 
viewed  for  several  minutes,  the  gain  in 
work  obtained  is  in  the  order  of  10“.  3 
The  brightness  levels  of  a  display 
storage  tube  are  dependent  upon  the 
viewing  gun  beam  current,  the  storage 
surface  control  curve,  and  the  post-ac¬ 
celeration  voltage  of  the  screen.  When 
the  storage  mesh  is  maintained  at  a 
potential  negative  with  respect  to  the 
viewing  gun  cathode,  the  display  stor¬ 
age  tube  performs  as  a  low  brightness 
CRT.  This  mode  of  operation  is  useful 
as  a  “stand-by”  mode  for  the  display 
storage  tube. 


y  In  Percent  Of  Saturation 


The  brightness  to  be  specified  will 
depend  upon  the  ambient  in  which  the 
display  is  to  be  viewed,  the  size  of  the 
display,  and  the  environmental  tests 
which  the  tube  must  pass.  Average  tubes 
for  viewing  under  high  ambient  condi¬ 
tions  have  saturation  brightnesses  in  the 
order  of  2000  —  3000  foot  lamberts  and 
written  brightnesses  in  the  order  of 
800  —  1200  foot  lamberts  at  their  speci¬ 
fied  writing  speed.  Due  to  environmental 
tests  requirements,  the  screen  voltages 
on  these  tubes  are  rarely  above  10KV. 
Tubes  that  are  to  be  viewed  under  low 
■or  controlled  ambient  lighting  have  dis¬ 
play  brightnesses  in  the  order  of  50  — 
300  foot  lamberts  and  most  commonly 
use  a  5KV  screen  voltage. 

When  brightness  is  specified  the  mini¬ 
mum  contrast  ratio  under  simulated 
operating  conditions  should  also  be  speci¬ 
fied.  Since  the  background  brightness 
of  a  display  storage  tube  is  a  function 
of  the  erase  pulse  duty  cycle: 

Background  brightness  =  Saturation 
brightness/ Duty  cycle,  the  contrast  ra¬ 
tio  of  a  display  will  change  if  different 
persistence  modes  are  used  in  a  system. 
An  exception  to  this  rule  is  the  high  con¬ 
trast  storage  tube  where  the  background 
brightness  is  constant  regardless  of  the 
persistence  mode.2 


We  specialize  in  designing  and 
building  custom  CRT  systems 
to  meet  exacting  precision  and 
performance  requirements. 

Our  modular  approach  to 
systems  design  permits  low 
cost  delivery  of  single-unit  or 
low-volume  orders.  Beta- 
designed  plug-in  and  modular 
CRT  circuits,  coil  mounts,  "opti¬ 
cal  bench"  tube  mounts,  etc. 
are  typical  modules  readily 
adaptable  to  the  solution  of 
your  design  problem. 

You  benefit  from  our  exten¬ 
sive  electro-optical  experience 
which  helps  us  attain  optimum 
performance  with  a  wide  variety 
of  tubes.  We  can  also  help  you 
define  these  limits  and  write 
specifications. 

Recent  design  projects  include: 

•  Precision  film  reading  and 
printing  displays 

•  Militarized  sonar  and  radar 
displays 

•  High  resolution  line  scan 
IR  displays 

•  Scan  conversion 

•  Computer  displays 

Your  requirements  studied  at 
no  obligation.  Call  or  write: 

Bela 

instrument 

Corporation 

377  ELLIOT  ST.,  NEWTON  UPPER  FALLS 


MASSACHUSETTS  /  TEL.  617  •  969-6510 


under  high  ambient  lighting  are  speci¬ 
fied  between  5  and  10  to  1  with  the 
tube  operated  so  as  to  give  a  persistence 
compatible  with  system  design. 

Summary 

The  best  results  in  specifying  any  dis¬ 
play  storage  tube  are  obtained  when 
the  tube  is  desired.  It  is  not  usual  that 
a  standard  type  will  satisfy  all  the  para¬ 
meters  desired  for  an  application  or  sys¬ 
tem  other  than  the  one  for  which  it  was 
originally  designed,  but  often  a  standard 


type  can  be  modified  through  variations 
in  the  manufacturing  process  to  obtain 
the  desired  parameters  with  a  minimum 
of  development  time. 

To  illustrate  the  interrelation  of  the 
different  parameters,  three  Westing- 
house  display  storage  tube  types  are 
examined:  WL  7268A,  WX  5047,  and 
WX  5314.  The'  display  characteristics 
of  these  types  are  tabulated  in  Table  3. 

The  WL  7268A  is  designed  for  a 
multimode  airborne  radar  system.  The 


TABLE  2 

Display  Characteristics  of  Current  Display  Storage  Tubes 

Parameter 

Range  of  Values 

Writing  speed 

90  percent  of  saturation 

20  -  100,000  in/sec 

Resolution 

90  percent  of  saturation 

35  -  70  lines/in 

Erase  time 

1  -  400  millisec 

Saturation  Brightness 

150  -  20,000  foot  lamberts 

Storage  time 

to  20  percent  of  saturation 

10  sec  -  5  min 

Useable  levels 

2-7* 

Display  Diameter 

1.8  - 18  inches 

‘Values  above  four  are  only 

obtainable  with  high  contrast  display  storage  tubes. 

TABLE  3 

Display  Characteristics  of  Three  Tube  Types 


WX  5314 

7268A 

WX  5047 

Units 

Writing  speed  (min.) 

5000 

35,000 

400,000 

in/sec 

%  of  saturation 

50 

80 

40 

Brightness  (min.) 

200 

2500 

1200 

foot  lamberts 

screen  voltage 

5 

10 

10 

kv 

Erase  time  (min.) 

50 

20 

10 

millisec. 

Storage  time  (min.) 

60 

15 

10 

seconds 

%  of  saturation 

10 

70 

90 

Resolution  (min.) 

90 

10 

10 

lines/in 

brightness  level 

100 

1000 

— 

foot  lamberts 

Useful  levels  (min.) 

— 

3 

4 

Useful  display 

4 

4 

4 

in.  dia. 

Erase  uniformity 

1.0 

1.2 

1.0 

volts 

No.  of  write  guns 

1 

2 

1 

Note:  WX  number  indicates 

nonregistered 

tube  type. 

Parameters 

indicated  are  customer 

specifications  which  are  subject  to  change. 
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This  is  a  moving  picture  in  6  colors. 

It  shows  a  commander  what’s  happening  all  over  the  map. 
While  it’s  happening. 


Imagine. 

A  clear,  detailed  picture  of  a  defense  exercise.  Events 
happening  rapidly  over  thousands  of  square  miles. 

All  the  information  the  command-and-control  center  needs, 
graphically  displayed  in  any  desired  size  at  any  number  of 
locations. 

In  real  time,  continuously  updated  by  high-speed  computers. 


In  enough  colors  to  clearly  identify  all  elements  of  the 
situation. 

An  unlimited  range  of  numbers,  symbols  and  words.  Any 
kind  of  line,  straight,  curved,  irregular. 

Only  the  information  that’s  essential  for  a  decision.  Super¬ 
fluous  data  removed  or  restored  at  will,  any  portion  of  the 
display  blown  up  for  concentration.  The  big  picture  Oi  a 


detailed  closeup. 

Small  screen,  large  screen,  multiple  screens.  Any  number 
of  remote  monitors  showing  all  or  portions  of  the  informa¬ 
tion  on  the  main  display. 

A  permanent  record,  recallable  at  any  time  for  review  and 
analysis,  or  for  problem  simulation. 

Extreme  accuracy.  Extreme  reliability. Very  moderate  cost. 


The  name  of  this  remarkable  system  is  Vigicon.  It’s  made 
up  of  modules  that  come  off  the  shelf  (our  shelf).  You  can 
have  a  small  system  or  a  huge  one.  The  only  difference  is  the 
number  of  modules  you  need  to  do  your  job. 

Right  now  Vigicon  is  at  work  in  military  and  space  appli¬ 
cations.  But  lots  of  other  people  will  use  it  someday. 

Vigicon’s  picture  of  its  own  future  is  exceedingly  bright. 

NORTHROP 
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Color  Vision 


Color  VisiSrt 
A  Bn  el  Introduction 

fts  an  inlerdisc  plin.maT  l-iic  r.'j 
Ically  Irnd-s  oneself  in  the  dilemma  d1 
Seeking  the  optimum  (fiscourj*  level 
which  i*  aoithes  too  snperne'aF  <?n 
the  cne  OstrOnM  ndr  too  eorttoumj- 
mg  an  the  ather.  These  psres  hive 
hern  since  the  r  mceplian  -dedicated 
l-jvijirds  the  exposition  nt  diverse  de 
vef<Jpm«rit&  eoncflentrl  in  one  Wily 

at  another  w(h  hvinsan  vision  hern 
•i  i  very  britf  inwodoe1i>M  to  vision 
iLself  jj.irticulirly  41  it  relates  10 
rein.  The  literature  m  the  held  is 
quite  txfrgnsive,  thus  arty  a  ten 
C9fltml  ral*«nc«  me  cited  wtiwh  in 
lure  can  lead  to  others,  For  ttutte 
who  luee  not  had  the  oppoctanffy  to 
separlely  in^estinale  the  visual  mech- 
ar-ism  the  foltowinj;  material  iniy 
hopnlulDy  prauHfc  some  lurther  n 
c-giil  in  ttinir  daily  endeavors  Thr 
already  knqvsUvJEcaeile  may  read  on 
y«in  respscHuiiy  requested  tolerance 
nr  turn  tlwu  attention  to  other  mait 
|iiti?niSirffi  fujn. 


The  Physiological  System 

The  elnwienl  human  visual  system 
csnsiAi  of  the  eyes,  certain  areas  of 
the  occipital  nrtex,  and  the  nitej«m- 
nucliriii  iii'i.iKfloitii.-.l  pathways.  All  iiTi- 
[hnl.iiit  property  of  neural!  Luulluit'tkiri 
which  hears  directly  i .  1 1 1  - 1 >-  vision,  mid! 
particularly  ((tier  vision ,  it  the  limifa 
ticin  in  the  character  of  sijse.it  which  n 
single  tuton  may  transmit-  It  -appears 
that  one,  mid  only  one,  type  ol  informa¬ 
tion  may  hr  transmitted  along  a  sinjsle 
filler.  Impulse  frequency  may  vary  as 
a  function  of  itidbiilus  intensity  in  a 
iKHidiiuiar  inamiLT.  If  tFie  quality  of  the 
stimulus  niiivl  atm  lie  ti  j.iiiinilk'd,  fur 
example,  the  chmmnlirity  of  the  slim ■ 
ulus,  (lien  signal*  airing  chic  or  more 
additional  axons  most  3>c  induM. 

The  retina,  toesrted  in  the  focal  plane 
of  the  geometric  optics  of  ihe  oye  Js  a 
stmloie  uf  nrdividu.il  nerve  ti  ll:--  hav¬ 
ing  an  iLVEvaiiH'  ili  it  Eliots  nf  abuut  -IWO 
inn  reins.  Mens  the  [Kistrimr  pole  i)F  I  he 
cyy-  rhe  letinii  u  icimcwhnt  thickened 
ill  an  .area  colled  the  macula  fntea.  (in. 
tend  in  tlw  latter  h  n  small  depression 
uF  Hwiyewhat  less  than  Fi  rum  in  dinmetcr 
known  us  tiie  fovea  centralis  within 
which  lies  the  isriosL  sensitive  daylight 
vision  in  EkieKi  recOguiliuia  uf  fiee  detail 
and  in  the  dim/rim  ii  latinn  of  i_.  i5tw  dif- 
fcrcnces- 

Ten  Liven  run  lx1  mu  lUMiipu  .illy  di:-;- 
CinfiiLdiiisj  in  the  emu  section  a  hum, us 
retina,  die  oilIi'jihiivI  esteiuimLi  uf  tlie 
fiFSt  layer  of  cells  are  shayied  jt  cither 
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rods  or  MML  AHhotigh  it  may  seem 
awkward  time  light  iiha|9ed  cm  the  retina 
m  i:  it  [ims-l  through  inrjii  of  the  Struc¬ 
ture  to  resell  tlm  nx!s  ami  idaies,  the 
m-'tderiee  tlhit  the  Intier  are  iocteed  the 
Eijllit  sensitive  icc'cpUws  is  tiuite  eeini- 

plelt. 

The  ttsaes  ate  the  piiuc-ipal  receptor* 
■ik  daylight,  or  pluotnplc  vision,  does 
permit  ttie  it.vHiiJjiiriLMi  of  fine  detail. 
pTolhildy  hy  serving  as  iiidiiiduaE  lucep- 
tnrs  l.ugely  iiiik'[ii-nik  ul  of  rieiglilxiriiig 
demctils.  The  ramplcte  raiotbaiiism  for 
colot  viBWn  involves,  innsj  likely,  unly 
cone  recqjtiHfE,  sinco  nwh  vision  is 
ci: ce] lent  in  the  fove-jn  where  only  cones 
are  present.  In  live  Beotoplc,  or  dnrk- 
adapted  eye.  Only  rods  ate  effective 
and  dien  only  to  produce  a  IjriKhtnMs 
mmsatiuiL  lint  uCit  rlirCilli.itti-  dilCtilllin.L- 
E  1(9(1. 

It  Isas  Irccn  the  cnsinm  tn  postulstr 
the  evl?tHice  of  ihrec  varieties  of  c«ne 
n-ceptun:  to-  cunJiLiHn  to  carty  eolot  mix- 
ii|4  evidence  and  ciMiswgucnt  theoiiec- 
Poly  ah  iu  tics  V'i'.i  fir^ror,  published  tni 
194 ]  3>y  the  (j’niiersity  of  Cliicaito  PitiS, 
rneK-hidrs  tram  ]7.iimt,ikiri^.  uui'ruSx.CiplC' 
studies  rh-bt  -ill  irnnn!  are  esmiiialiy 
alike.  He  has,  however,  i-Lirificd  the 
synaptic  airangemml  of  the  retiiui  so 
th-.t  bansmisslori  of  triu>otla3  pattenu 
ul  nerve  impulse*,  orlgiiutinft  from  ft 
shijile  class  of  tcriiM.  becomes  ctin- 

myiviilik'. 

The  Psychgibaiciii  System 

']  Li‘  d- 1 ;  -;iii  y  rind  jM.Tcep1ii.il  aspects 

of  color  vis  km  ,irr  esjMeially  inijiurtaiit 
in  that  payehophyooftl  rletcTmiuaiion* 
depend  upon  cunsdoos  responses  in  [mi. 
mil  tlw  investlgntlofis  tn  eontinue-  Color 
esiKTHmces  are  not  simply  sensations  bvt 
nii.iri.ihly  take  pE.iLV  ill  inure  Complex 
ix'rcs'ptiial  lemn.  Tliu  lallur  ix/cui  in 
varyiaur  rmlfllihes  niwlviag  Ln?th  lem- 
ponl  and  spatwl  inlnmogentilies.  Tlbe 
processes  of  feiintme  unit  ronditioninjt 
Cinilribute  In  The  prodonimb  nf  eokir 
.iMOCfalkhm  with  rcrt-liayfc,  CfTU.it ions,  anil 
m#an  Engs. 

drill  ir  siTis.it  inn  may  be  deflnetl  as  the 
jiriuury  chhisluiils  nuipnise  to  excitation 
ill  the  visbinl  ntw linn iun.  Each  nf  tlic 
eharacteifatjcs  of  light— kmarriatite,  tionii- 
nant  waw-leiTBth,  purity,  csftbml,  and 


durntiuri  —  has  cunijiles  cffctTs  tin  brack 
tif  (lie  attribiilex  nf  mins  si'ns.itiim  -- 
hriylitiieis,  hue,  and  saturation. 

LumifiaiBts 

ISpiRhibiesf;  >s  correlated  sipiilirandw 
with  luminance  thrcniBh  most  of  Hit 
ranee  of  responsiveness  of  tliu  visual 
ineciiaiiisiib  (about  1&1  Its  10'  fauL  l.an- 
Eit'its/.  AilblitisKially,  Kevcrril  mslcsvartliy 
affects  tuny  lip  nhserved  n<  different 
levels  of  lumionoce- 

If  the  luiibiuaiiLt --v  >::-J  ehruiiMtu:  stiineik  I 
are  r.-dni  jp-nduully  enon^ki  Ca  peimit 
uim'spi'ibiliiiy  adaptation  thronjtb  meso- 
pk-1  levels,  the  brijthtnesscs  produced 
by  long- wave  stimuli  dccteaso  mare 
rapidly  titan  those  or  short-w  aye  sliiiuJi. 
The  pt>-alf  sf  tlw  luntinorily  bmctiH 
inuves  ftwi  about  555  iiilllimlc-rons  to 
510  m  ilkciii  tcms.  The  absence  of  di»- 
ecrrtimtdty  in  the  slnlt  iudlcoteti  that  the 
rod  and  cone  bjighhtCS-SCs  are  udditive. 

In  addltiOib  to  thrv  sysieciatie  shift  ti 
relative  bri^htilLeis  Ctf  red  and  blue, 
tlicie  is  ;l  prison; Ksivi;  (tbscTCj-ie  Eu  vunti 
in  saturatbiMi  fur  all  spes  tnubi  njlurs  ms- 
eejjt  extreme  red,  which  disappears  onw- 
plrtely.  With  lull  scotopfc  ad-i|*i,lCrrai  flU 
hue  and  saturaticsi.  vsitiIsImjs  oraapt  lor 
(W  dinJhtly  bluish  or  ipeeniali-blue  cast 
often  motit-ed  rn  night  vision.  The  chats 
-act eristic  brightness  shift  tn  the  liiniiii- 
Osity  fbiiictiun  is  known  ns  I  he-  l'iirk:ii;J 
jjlimamiT  ijii.  .S-inte  tin1  Litter  is  infill-1 
jtiktI  Iry  Ixitli  rod  and  lone  ht  cptius. 
the  Purlinje  effect  is  observed  vvilf 
jserifpwenl  vision  and  does  not  normalh 
appeae  il  the  test  stimuli  are  hm fined 
tn-  the  fijvoib. 

At  highci  luminaoei:  levels  wholh 
w  ithii-,  llw  photOpie  niiiKL1  another  liVHS 
shirt  kiitnATi  at  the  Ih-mlil- Bi-uAc  jilte- 
uuiuuncin  imcvitv.  VVFkts  lumhi  ,inc  e  It 
itKTeasrd.  all  chrnmatfe  colors  except  s 
certain  ubvariahle  blue,  yellow,  grcA 
-uid  ret!  -appear  Increasfngly  like  hhte 
or  yellow  end  dt’i-reuslngfy  like  gre« 
or  i-ud.  A  method  of  tlenonitHfkig  the 
hut1  cluinge  OApcrnneiLtalSv  is  to  alLci  In" 
a  f.bi  tnr  of  EtT  or  JtF  tlie  liEmiisiuice  level 
of  one  od  .1  fiLstibjHssbit  p.bir  ol  spectrth 
plinion  .1-1  ri(  ,i  lly  male  l.i-il  mfors.  The  I 
in.i^ibiliKle  of  the  drift  may  Itc  isp5iva.lg*it 

1  Tlir  (lamilHriil  rneHw.  Iwlvr-mi  pKofii|itc  i  ii.i^  licjil  |- 
idapblxill  iBlt  ICTT+lHIHT  I  111 -Hi  I  AiSj;:l.ll  rKI 
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to  as  much  as  a  10  or  20  millimicron 
change  in  dominant  wave-length. 

The  influence  of  luminance  on  satura¬ 
tion  is  pronounced,  even  with  pure  cone 
vision  and  spectrum  stimuli.  At  and 
close  to  the  aboslute  threshold  all  chro¬ 
matic  colors  except  red  elicit  achromatic 
sensations.  The  difference  between  the 
absolute  (achromatic)  luminance  thresh¬ 
old  and  the  luminance  at  which  each 
hue  is  just  perceived  is  called  the  photo- 
chromic  interval.  Wavelengths  longer 
than  650  millimicrons  evoke  both  satura¬ 
tion  and  brightness  at  the  luminance 
threshold.  There  is  no  photochromic  in¬ 
terval  for  reds  in  the  latter  category. 
As  luminance  is  increased  above  the 
chromatic  threshold  an  increase  in  sat¬ 
uration  is  experienced,  however,  the  re¬ 
quired  luminance  for  maximum  satura¬ 
tion  varies  with  the  wavelength.  In 
general,  the  greater  the  saturation  norm¬ 
ally  elicited  by  a  color,  the  lower  the 
luminance  which  arouses  the  maximum 
saturation  in  that  color.  Blues,  reds,  and 
purples  which  typically  evoke  strong 
saturations  appear  most  saturated  at 
relatively  low  luminances.  Yellows  and 
green-yellows  appear  most  saturated  at 
relatively  high  luminances. 

If  the  luminance  of  a  color  is  in¬ 
creased  progressively  beyond  the  opti¬ 
mum,  the  saturation  will  start  decreasing 
and  continue  to  do  so  to  a  marked 
degree.  At  extreme  abnormally  high 
luminances,  total  desaturation  or  achro- 
maticity  may  be  approximated,  especial¬ 
ly  in  the  case  of  the  less  effective  spec¬ 
trum  colors  or  with  impure  colors. 

Wavelengths 

In  the  visible  spectrum  and  the  extra¬ 
spectrum  purples,  four  stimuli  evoke 
psychologically  simple  blue,  yellow, 
green,  and  red  hues,  respectively.  Un¬ 
like  cyan,  magenta,  or  most  of  the  dis- 
criminable  hues,  the  latter  are  unmixed 
in  the  sense  that  no  one  partakes  of 
the  nature  of  any  other. 

The  dependence  of  brightness  on 
wavelengths  is  represented  by  the  lumin¬ 
osity  function  which  is  ordinarily  plotted 
as  the  reciprocal  of  the  threshold  energy 
versus  the  wavelength.  At  ordinary 
photopic  luminances  the  maximum 
luminosity  (at  about  555  millimicrons) 
is  680  lumens  per  watt.  Beyond  390  and 
720  millimicrons  it  is  less  than  1/1000 
of  the  maximum.  The  curve  giving  the 
CIE  photopic  luminosity  function  for 
the  standard  observer  is  presented  in 
Figure  1.  For  comparison  the  curve  for 
a  seotopic  adapted  eye  is  also  shown. 

The  luminosity  curve  for  the  stand¬ 
ard  observer  does  not  represent  all  the 
facts  of  cone  vision.  For  example,  an 
increase  in  stimulus  area  results  (even 
within  an  anatomically  homogeneous  re¬ 
tinal  area)  in  a  decrease  in  threshold 
for  a  given  wavelength.  In  addition, 
with  small  fovea!  areas,  the  shape  of 


the  curve  depends  on  the  position  of 
the  proximal  stimulus  within  different 
parts  of  the  fovea. 

Purity 

The  main  response  correlate  of  purity 
is  saturation.  The  greater  the  purity, 
the  greater  is  the  saturation.  A  certain 
minimum  purity  is  required  to  arouse 
any  sensation  of  saturation  Colorimetric 
purity  is  defined  for  a  mixture  of  spec¬ 
trum  color  and  white  as 
p  =  BX 

Bn  +  Bx 

where  B\  is  the  luminance  of  a  spec¬ 
trum  color  and  Bn  is  the  luminance  of 
the  white  with  which  it  is  mixed.  It  is 
not  possible  on  the  basis  of  the  above 
definitional  equation  to  assign  different 
values  of  colorimetric  purity  to  different 
spectrum  colors  since  it  is  apparent  that 
p  =  1  for  all  spectrum  colors. 

Experiments  on  colorimetric  purity 
ordinarily  have  employed  two  photo¬ 
metric  fields,  both  initially  equal  in 
luminance,  B,  and  in  spectral  composi¬ 
tion.  The  fields  contain  either  a  white 
alone  ( B  —  B« )  or  a  white  used  with 
a  given  amount  of  spectrum  color 
(B  =  BX-fB„).  In  either  case  it  is 
possible  to  determine  a  just  noticeable 
difference  Ap  in  purity  between  two 
fields. 

Extent 

The  spatial  characteristic  of  the  color 
stimulus  commonly  known  as  retinal 
extent,  or  angular  size  affects  the  color 
response  in  a  number  of  ways,  perturb¬ 
ing  hue,  saturation,  and  brightness.  For 
an  observer  viewing  a  uniform  chromatic 
surface  large  enough  to  fill  his  entire 
visual  field,  or  nearly  so,  the  hue,  satura¬ 
tion,  and  brightness  of  the  area  are 
substantially  uniform.  If  the  stimulus 
surface  is  reduced  to  near  a  degree  in 
diameter,  the  hue,  saturation,  and  bright¬ 
ness  will  vary  consideraby  according  to 
the  retinal  region  affected.  Extreme  size 
differences  within  a  dark  field  produce 
pronounced  brightness  variations  as  a 
consequence  of  adaptation  and  contrast. 
A  small  area  will  appear  much  brighter 
then  a  very  large  area  of  identical 
luminance. 

In  the  photopic  condition  there  is 
evidence  of  systematic  variations  in  both 
hue  and  saturation,  starting  with  a  stimu¬ 
lus  size  of  about  one  degree  and  in¬ 
creasing  toward  a  maximum  determined 
by  the  retinal  perimeter.  With  larger 
angles,  and  whether  or  not  central  fixa¬ 
tion  is  maintained,  regional  effects  con¬ 
tribute  to  any  results  due  to  area.  In  a 
range  up  to  subtended  angles  of  about 
15  degrees,  comparisons  of  surface  colors 
reveal  a  proportional  increase  in  satura¬ 
tion  with  area. 

When  sufficiently  reduced  in  size  (un¬ 
der  10  minutes  of  visual  angle),  a  cen¬ 
trally  fixated  yellow  test  object  becomes 
white  or  gray  in  appearance;  a  blue 
object  becomes  gray  or  black.  At  even 


smaller  sizes,  red  and  green  colors  also 
appear  achromatic.  Since  yellow  and 
blue  are  least  distinguishable  from  white 
or  gray  under  all  conditions,  their  chro- 
maticitv  should  disappear  first  with  a 
reduction  in  field  size.  This  effect  has 
been  demonstrated  in  both  peripheral 
and  fovea]  vision. 

Duration 

The  retina  displays  temporal  integra¬ 
tion  within  some  finite  limits.  Threshold 
excitation  can  remain  unchanged  with 
decreasing  luminance  of  the  stimulus 
if  the  time  of  presentation  is  increased, 
such  that 

BT  =  K 

where  B  is  the  stimulus  luminance,  T  is 
the  duration  of  the  stimulus,  and  K  is  a 
constant  threshold  value.  The  preceed- 
ing  equation  is  known  as  the  Bunsen- 
Roscoe  law  and  is  strictly  applicable 
only  for  short  durations  of  the  order 
of  50  milliseconds. 

Chromatic  color  sensations  elicited 
by  achromatic  intermittent  stimuli  are 
known  as  Fechner’s  colors  and  are  read¬ 
ily  demonstrated  by  Benham's  top.  The 
latter  is  a  disk,  half  black  and  half 
white,  with  some  concentric  black  arcs 
on  the  white  sector.  When  the  disk  is 
spun  or  rotated  under  moderate  illumi¬ 
nance  at  about  five  revolutions  per  sec¬ 
ond,  a  number  of  weak  chromatic  rings 
appear.  A  large  variety  of  chromatic 
responses  have  been  reported,  ranging 
from  graduated  saturation  of  a  single 
hue  to  a  continuous  sequence  of  dif¬ 
ferent  hues  in  normal  spectrum  order. 

Adaptation 

Sensory  adaptation  is  an  adjustive  re¬ 
sponse  of  the  organism  to  its  environ¬ 
ment.  By  its  effect  on  the  receptor,  any 
stimulus  modifies  its  own  effectiveness. 
At  any  particular  time  the  eye  is  at 
some  general  level  of  sensitivity  depend¬ 
ing  in  a  complex  manner  upon  the  re¬ 
sults  of  recent  past  stimulation.  The 
adaptation  level  restricts  and  determines 
the  range  of  responsiveness.  The  overall 
range  within  which  the  optimally  adapt¬ 
ed  eye  is  effective  is  from  about  1(H  to 
10-’  foot-lamberts.  The  seotopic  eye  can¬ 
not  discriminate  any  luminances  less  than 
the  lower  limit  (absolute  threshold),  nor 
ean  the  photopic  eye  discriminate  above 
the  upper  value  (terminal  threshold). 

When  a  fully  light-adapted  observer 
is  shielded  from  all  light,  measurements 
taken  at  intervals  of  time  indicate  that 
the  absolute  cone  threshold  for  lumi¬ 
nance  falls  noticeably  for  only  five  min¬ 
utes,  whereas  the  rod  threshold  falls  for 
about  35  minutes.  When  the  rod  and 
cone  data  are  plotted  together  as  a  time 
dependent  function,  the  minimum  cone 
threshold  may  appear  as  a  discontinuity 
on  the  combined  curve  shown  in  Figure 
2. 

Whereas  progressive  dark  adaptation 
is  accompanied  by  increasing  rod  re- 
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FIGURE  1:  Standard  luminosity  function,  a. — Photopic.  b. — Scotopic. 


FIGURE  2:  Combined  cone  and  rod  dark  adaptation  (typical). 


spouse,  the  progressive  desensitization  to 
light  known  as  light  adaptation  results 
in  predominance  of  cone  response.  The 
most  striking  temporal  feature  of  light 
adaptation  is  the  suddenness  and  extent 
of  the  initial  phase,  being  complete  in 
about  0.2  second  and  nearly  so  in  0.05 

50 


second.  Photopic  adaptation  has  sig¬ 
nificant  effects  on  brightness  and  on 
luminance  discrimination.  Ordinary  vi¬ 
sion  is  a  compromise  between  complete 
adaptation  and  lack  of  adaptation  to 
any  particular  stimulus.  The  general 
adaptation  level  keeps  changing  in  a 


manner  such  that  departures  of  similar 
subsequent  stimuli  from  the  adaptation 
level  are  approximately  statistically  mini¬ 
mum.  The  result  is  to  maintain  maxi¬ 
mum  discrimination  of  most-probable 
stimuli-  and  satisfactory  sensitivity  for 
moderately  probable  stimuli. 

Changes  in  chromatic  sensation  are 
ascribable  to  chromatic  adaptation.  The 
response  to  an  unvarying  chromatic 
stimulus  incident  upon  the  fovea  at 
first  decreases  noticeably  in  saturation,! 
in  addition  to  adaptive  changing  in1 
brightness.  The  reduction  in  saturation 
proceeds  exponentially  for  one  or  two 
minutes  until  an  almost  constant  satura¬ 
tion  is  reached.  Complete  loss  of  satura¬ 
tion  and  hue  by  adaptation  does  not 
seem  possible  with  a  central  stimulus  of 
high  purity.  There  is  no  difficulty,  how¬ 
ever,  in  achieving  total  desaturation  with 
a  stimulus  of  relatively  low  purity.  Total 
desaturation  may  also  be  observed  with 
stimuli  of  high  purity  applied  to  the 
peripheral  region.  The  color  of  the  sur¬ 
rounding  field  is  important  and  con¬ 
siderable  hue  shifts  occur  in  the  peri¬ 
phery. 

Adaptation  to  a  chromatic  color  fol¬ 
lowed  by  viewing  an  achromatic  color 
of  comparable  luminance  generally  re¬ 
sults  in  a  complementary  color  sensation, 
or  afterimage.  Adaptation  to  a  chromatic 
color  followed  by  viewing  a  nearly  com¬ 
plementary  color  results  in  an  even  closer 
complementary  color  sensation  of  in¬ 
creased  saturation.  Adaptation  to  a  chro¬ 
matic  color  followed  by  viewing  a  re¬ 
lated  hue  tends  to  decrease  the  latter’s 
saturation  and  to  shift  the  hue  still 
further  from  that  of  the  adaptation  color. 
An  achromatic  color  sensation  can  be 
experienced  if  the  chromatic  adaptation 
is  followed  by  viewing  a  color  of  the 
same  dominant  wavelength  but  of  lower 
purity  just  sufficient  to  cancel  the  com¬ 
plementary  effect  of  the  adaptation. 

Since  chromatic  adaptation  depends 
on  luminance,  dominant  wavelength,  and 
purity  as  well  as  on  duration,  general 
statements  can  under  certain  circum¬ 
stances  be  misleading.  Nevertheless,  such 
statements  are  basically  sound  because 
they  depend  on  the  influence  of  adapta¬ 
tion  on  sensitivity.  Thus  red  adaptation  ] 
depresses  red  sensitivity  and  suppresses  ( 
red  in  the  perceived  effect,  and  similarly 
for  other  colors. 

Many  different  spectral  energy  dis¬ 
tributions,  or  metamers,  are  capable  of 
producing  identical  foveal  color  sensa¬ 
tions.  A  metameric  colorimetric  match  is 
invariant  even  after  prolonged  adapta¬ 
tion  or  preadaptation  to  the  metamers 
or  almost  any  other  color,  although  a 
pronounced  hue  difference  from  the 
adapting  color  may  transform  the  match¬ 
ing  color  sensations  in  the  latter  case. 
Strictly  speaking,  the  preceeding  state¬ 
ment  applies  only  to  matches  made  un- 
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der  maximally  sensitive  conditions.  Chro¬ 
matic  discrimination  varies  with  chro¬ 
matic  adaptation  in  a  manner  similar  to, 
though  less  pronounced  then  that  in 
which  luminance  discrimination  varies 
with  light  adaptation.  It  appears  that 
the  more  closely  the  eye  is  adapted  to 
the  chromatic  components  of  the  color, 
the  better  the  differential  sensitivity  with 
respect  to  hue  and  saturation. 

After-Images 

Visual  sensations  after  removal  of 
intial  stimuli  are  known  as  after-images 
and  may  be  due  to  two  conditions: 

( 1 )  the  external  stimulus  induces  a  state 
of  local  adaptation  of  the  retina  which 
temporarily  produces  contrasting  re¬ 
sponses  to  contrast-free  stimuli,  and  (2) 
localized  excitation  in  the  retina  or 
elsewhere  in  the  visual  mechanism  per¬ 
sists  and  produces  a  sensation  pattern 
resembling  the  original  stimulus  con¬ 
figuration.  In  general,  the  colors  and 
the  spatial  and  temporal  arrangements 
of  both  the  initial  stimulus  and  the 
subsequent  viewing  situation  are  factors 
determining  hue,  saturation,  and  spatial 
and  temporal  patterns  of  the  observed 
after-images.  The  latter  are  character¬ 
istically  transient  and  filmy,  being  much 
less  objective  and  commanding  than  the 
original  perception. 

If  a  light  figure  on  a  gray  ground 
is  fixated  for  about  30  seconds  under 
normal  illumination,  and  then  the  eyes 
are  shifted  to  a  uniform  part  of  the 
gray  field  a  dark  figure  which  gradually 
fades  out  may  be  seen.  Such  a  negative 
after-image  is  the  most  common  and  is 
explained  by  the  relative  desensitization 
of  the  retinal  region  stimulated  by  the 
light  figure.  Now,  if  the  light  figure  is 
momentarily  viewed  under  intense  il¬ 
lumination,  a  less  common  fleeting  image 
bearing  the  same  lightness  relationships 
as  the  original  may  be  seen.  This  posi¬ 
tive  after-image  may  be  due  to  a  con¬ 
tinuation  of  the  excitation  underlying 
the  original  sensation,  although  there 
are  other  more  recent  hypotheses. 

There  are  chromatic  after-images 
which  are  analogous  to  either  negative 
or  positive  after-images.  If  a  chromatic 
figure  is  substituted  for  the  light  figure 
during  a  long  central  fixation,  a  com¬ 
plementary  after-image  will  probably  ap¬ 
pear  against  the  gray  ground.  Such  after¬ 
images  approximate  the  hue  comple¬ 
mentary  to  that  of  the  original  sensation 
and  are  usually  more  effective  with  mod¬ 
erate  luminance  and  neutral  after-field. 
The  usual  explanation  of  the  comple¬ 
mentary  after-image  is  in  terms  of  rela¬ 
tive  desensitization  to  the  stimulus  color. 
With  brief  intense  stimulation  a  brief 
after-image  with  approximately  the  same 
hue  as  the  original  may  be  perceived. 
Such  an  image  is  called  homochromatic. 
Where  controlled  laboratory  conditions 
do  not  occur  many  striking  combinations 


and  variations  of  after-images  can  take 
place. 

Ordinarily  after-images  are  not  noticed 
except  as  occasional  aftermaths  of  some 
accidental  glare  too  disturbing  to  escape 
notice.  The  most  important  reason  why 
after-images  pass  unnoticed  is  that  they 
do  not  provide  a  consistent  basis  for 
action  and  therefore  fail  to  receive  at¬ 
tention.  The  frequent  shifting  of  atten¬ 
tion  usually  prevents  the  development 
of  after-images  in  any  strength.  The  lat¬ 
ter  are  often  very  brief  and  are  usually 
out  of  focus.  Specifically  directed  atten¬ 
tion  is  an  important  condition  of  after¬ 
image  identification. 

A  negative  or  complementary  image  is 
most  likely  to  show  a  latency  of  about 
one  second  and  a  duration  of  about  a 
half  minute.  However,  the  image  dura¬ 
tion  can  be  observed  to  increase  with 
the  duration  of  the  pre-exposure  through 
the  approximate  range  of  0.05  second  to 
several  minutes.  A  first  positive  or  homo- 
chromatic  image  has  a  latency  of  a  frac¬ 
tion  of  a  second  or  else  merges  with  the 
terminal  lag  of  the  original  sensation. 

Contrast  Enhancement 

Color  contrast  produces  an  enhance¬ 
ment  or  intensification  of  perceived  dif¬ 
ference  between  neighboring  colors. 
Juxtaposed  colors  of  relatively  high  and 
low  luminance  appear  respeclively  light¬ 
er  and  darker  then  if  they  were  viewed 
separately.  Similarly,  adjacent  colors  of 
relatively  high  and  low  purity  appear 
respectively  more  and  less  saturated  than 
if  they  were  separately  viewed.  The 
less  saturated  color  may  be  reduced  to 
aehromaticity  or  even  converted  to  the 
complementary  hue.  Complementary  or 
nearly  complementary  pairs  when  viewed 
together  appear  more  saturated.  When 
chromatic  and  achromatic  colors  are 
juxtaposed,  contrast  tends  to  induce  a 
complementary  hue  on  the  latter.  In  the 
case  of  non-eomplementary  colors,  con¬ 
trast  increases  existing  hue  differences 
because  of  the  tendency  of  each  color 
to  induce  its  after-image  complement; 
thus  the  proximity  of  red  and  yellow 
might  make  the  red  seem  bluish  red 
and  the  yellow  seem  greenish  yellow. 

The  cause  of  contrast  enhancement  is 
imperfectly  understood.  The  observed 
effects  have  been  variously  attributed 
to  central  factors  of  suggestions,  to 
retinal  or  central  interactions  from  adja¬ 
cent  stimulations,  and  to  the  operation 
of  more  or  less  rapid  retinal  adaptation. 
When  two  colors  are  compared  the  eyes 
tend  to  glance  back  and  forth  permitting 
the  comparison  and  fulfilling  the  require¬ 
ments  of  more  or  less  rapid  adaptation 
and  recovery.  Hence  a  dark  color  ap¬ 
pears  darker  due  to  the  desensitization 
produced  by  looking  at  the  light  color, 
and  the  light  color  looks  lighter  because 
of  the  resensitization  which  occurs  while 
looking  at  the  dark  color. 


Ordinarily  it  is  assumed  that  contrast 
enhancement  typically  affects  figures  to 
the  exclusion  of  ground  or  surround. 
Usually,  however,  the  surround  is  so 
large  relative  to  the  figure  that  such  a 
one-way  induction  is  to  be  expected 
on  classical  principles.  On  the  other 
hand,  it  seems  certain  that  active  view¬ 
ing  of  juxtaposed  colors  does  not  neces¬ 
sarily  yield  classical  contrast  enhance¬ 
ment  because  the  perceived  color  of  a 
central  sample  can  be  varied  through 
neutral  from  one  extreme  to  the  other 
by  merely  adjusting  the  reflectance  of 
the  surround  while  holding  the  illumi¬ 
nance  constant.  When  a  series  of  chro¬ 
matic  samples  of  the  same  dominant 
wavelength  are  arranged  on  a  neutral 
ground  in  order  of  purity,  the  purest, 
or  end,  sample  is  likely  to  look  con¬ 
siderably  more  saturated  than  if  it  were 
followed  by  still  purer  samples. 

Very  simple  changes  in  borders  and 
boundary  lines  can  produce  striking 
changes  in  perceived  colors.  Sharp,  defi¬ 
nite  boundary  lines  tend  to  produce 
maximum  contrast  enhancement.  Set  or 
direction  of  attention  can  result  in  psy¬ 
chophysical  conditions  which  have  some 
bearing  on  contrast  interpretations. 
Familiar  object-perceptions  are  known  to 
exhibit  strong  constancy,  though  a  dis¬ 
integration  of  a  conflicting  object-per¬ 
ception  might  in  some  circumstances  per¬ 
mit  contrast  enhancement  to  appear. 

Theories  of  Color  Vision 

Ideally,  a  color  theory  should  describe 
all  the  phenomena  of  color  vision  within 
a  set  of  relations  which  are  self-con¬ 
sistent  and  coherent.  Although  no  com¬ 
pletely  satisfactory  formulation  presently 
exists,  with  few  exceptions  the  important 
theories  may  be  classed  in  the  trichro¬ 
matic  tradition  of  Young  or  in  the  op¬ 
ponent  color  process  approach  of  Hering. 
In  1801  Thomas  Young  suggested  that 
since  it  is  impossible  to  conceive  of 
each  sensitive  retinal  point  to  contain 
an  infinite  number  of  color  sensitive 
particles,  it  becomes  necessary  to  assume 
a  limited  number,  say  the  three  prin¬ 
cipal  colors,  red,  yellow,  and  blue.  In 
1802  Young  revised  his  estimate  of  the 
basic  colors  because  of  an  error  dis¬ 
covered  in  Wollaston’s  description  of  the 
spectrum.  The  basic  colors  now  were 
red,  green,  and  violet. 

Young’s  ideas  were  forgotten  for  about 
50  years  and  were  rediscovered  by  Max¬ 
well  and  Helmholtz  at  nearly  the  same 
time.  The  Young-Helmholtz  develop¬ 
ment  of  the  theory  depends  importantly 
upon  the  data  of  color  mixture.  Max¬ 
well’s  experiments  verified  that  a  spec¬ 
trum  color  can  be  represented  as  mathe¬ 
matically  equivalent  to  a  mixture  of 
three  primaries,  one  (in  the  case  of 
spectral  primaries)  having  a  negative 
coefficient.  The  fact  of  trichrometicity 
easily  blended  with  the  concept  of  three 
principal  colors,  and  trichromatic  theory 
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was  established  on  a  reasonably  firm 
foundation.  The  central  concept  of  the 
Young-Helmholtz  theoiy  is  the  existence 
of  three  sets  of  sensory  mechanisms, 
cones  and  their  connections,  whose 
quantitative  characteristics  provide  a 
basis  for  different  color  vision  discrimina¬ 
tions. 

Helmholtz  wrote  his  quantitative  treat¬ 
ment  of  color  vision  shortly  before  his 
death  in  1894.  The  precise  hypothesis 
has  not  lasted  as  a  plausible  description 
of  color  vision  data,  but  its  mathe¬ 
matical  treatment  of  a  brightness-color 
space  has  persisted.  At  the  risk  of  over¬ 
simplification  it  may  be  said  that  the 
latter  is  concerned  with  an  isomorphic 
relation  between  visual  data  and  a 
mathematical  space  with  little  reference 
to  intervening  variables.  More  recently 
Hecht  has  developed  Young’s  theory  as 
a  mathematical  account  of  component 
physiological  processes.  The  theory  sup¬ 
poses  that  there  are  three  kinds  of 
cones  present  in  the  retina  and  that 
they  exist  in  the  fovea  in  approximately 
equal  numbers.  The  sensations  arising 
from  response  of  these  cones  are  qualita¬ 
tively  specific  and  may  be  tentatively 
described  as  being  blue,  green,  and  red, 
respectively.  Regardless  of  the  method 
used  in  stimulating  these  cones,  regard¬ 
less  of  the  wavelength  of  the  stimulat¬ 
ing  light,  and  regardless  of  the  nature 
of  the  photosensitive  substance,  an  im¬ 
pulse  proceeding  along  a  “blue”  nerve 
will  register  blue  in  the  brain,  and 
similarly  for  the  other  two  principal 
colors. 

In  general,  experimental  work  in  the 
tradition  of  the  Young-Helmholtz  theory 
has  concentrated  on  stimulus  thresholds 
or  matches  based  on  judgments  of  equal¬ 
ity  or  difference.  Little  attention  has 
been  paid  to  qualitative  estimates  or 
introspective  reporting  in  the  absence  of 
a  comparison  standard.  In  the  work 
associated  with  the  Hering  theory,  how¬ 
ever,  considerable  attention  has  been 
paid  to  psychological  variables.  Empha¬ 
sis  has  often  been  given  to  absolute 
judgments  as  when  a  subject  may  be 
asked  to  vary  the  intensities  of  two 
“opposed”  colors  until  he  reports  that 
the  mixture  does  not  exhibit  the  hue  of 
either  component.  In  contrast  with  the 
Young-Helmholtz  approach  of  emphasiz¬ 
ing  the  effects  of  a  subject’s  adjustments 
to  physically  specificable  differences  be- 
ween  stimuli,  the  Hering  philosophy 
stresses  the  importance  of  statements 
that  a  subject  makes  about  stimuli.  It 
may  be  readily  seen  why  the  Young- 
Helmholtz  theory  has  been  favored  by 
physicists,  whereas  the  Hering  theory 
'■as  appealed  to  instrospective,  though 
not  necessarily  to  objective,  psycholo¬ 
gists. 

Hering’s  theory  is  based  upon  the 
fact  that  subjects  instructed  to  select  or 
designate  unique  colors,  choose  primarily 


the  invariant  blue,  green,  yellow  and 
red  mentioned  earlier  in  the  discussions 
pertaining  to  luminance.  The  action  of 
light  according  to  the  Hering  school  de¬ 
pends  not  only  on  its  physical  charac¬ 
teristics,  but  also  upon  the  condition  of 
the  visual  mechanism.  The  Bezold-Briicke 
effect  can  be  attributed  to  conditions 
of  adaptation.  Simultaneous  color  con¬ 
trast  is  described  in  terms  of  antagonis¬ 
tic  processes  set  up  in  areas  adjacent 
to  a  simulated  zone. 

The  first  qualitative  statement  of  an 
opponent-colors  theory  has  been  recently 
stated  by  Hurvich  and  Jameson.2  Funda¬ 
mental  to  this  theory  is  the  concept  of 
physiologically  based  opponent  chro¬ 
matic  induction.  Experiments  have  been 
reported  in  which  a  color-matching  tech¬ 
nique  was  used  to  compare  the  chromatic 
responses  to  focal  stimuli  seen  first  in 
isolation  and  then  in  the  presence  of 
surrounding  stimulus  arrays  of  specified 
luminances,  chromaticities,  and  of  vari¬ 
ous  degrees  of  complexity.  Chromatic  in¬ 
ductions  have  been  shown  to  decrease 
systematically  with  decreasing  contiguity 
of  central  and  surround  areas  of  stimu¬ 
lation.  For  given  degrees  of  juxtaposi¬ 
tion,  induced  chromatic  responses  are  op¬ 
ponent  to  but  proportional  in  magnitude 
to  the  mean  chromatic  level  of  the  in¬ 
ducing  field,  wherein  the  constant  of 
proportionality  decreases  as  a  function 
of  decreasing  contiguity. 

Helsoir1  sought  an  answer  to  the 
question:  “Given  any  object  as  stimulus, 
what  will  be  its  hue,  saturation,  and 
lightness  when  viewed  on  any  back¬ 
ground  under  any  illuminant?”  His  ex¬ 
periments  ranged  over  a  period  of  five 
years,  employing  several  experimenters 
and  different  sets  of  subjects.  Helson 
concluded  that,  other  things  being  equal, 
the  background  reflectance  is  the  most 
important  factor  determining  the  adapta¬ 
tion  level  and  therefore  the  colors  of 
samples  appearing  on  it.  He  formulated 
a  general  principle  which  states  that 
“samples  above  the  adaptation  reflect¬ 
ance  take  the  hue  of  the  illuminant 
color;  samples  below  it,  the  hue  com¬ 
plementary  to  the  illuminant  hue;  while 
samples  near  the  adaptation  reflectance 
are  either  achromatic  or  greatly  reduced 
in  saturation.”  The  only  assumption 
made  with  regard  to  the  preceeding 
principle  is  that  the  eye  is  exposed  to  a 
single  illumination  which  establishes  an 
achromatic  point  of  reference  for  the 
explanation  of  constancy,  illuminant 
color,  and  complementary  color.  By 
means  of  his  one  principle,  published 
in  1938,  Helson  argues  for  a  simple 
mechanism  underlying  the  varied  phe¬ 
nomena  of  color  vision  in  all  conditions. 

:  Jameson,  Dorothea  and  Hurvich,  Li<>  M.  Oppo¬ 
nent  Chromatic  Induction:  Experimental  Evalua¬ 
tion  and  Theoretical  Account.  J.  Optical  Society 
of  America.  Vol.  51,  No.  1.  46-53,  January  1961. 
Helson,  Harry.  Fundamental  Problems  in  Color 
Vision.  /.  Exfierimcutal  Psychology.  Vol.  23,  Xo. 

5,  439-476,  November  1938. 


As  has  been  stated  earlier,  no  theory 
exists  today  which  is  a  completely  satis¬ 
factory  hypothesis  for  all  color  vision 
phenomena.  More  emphasis  has  been 
developing  in  the  psychophysiological 
approaches  in  recent  years.  Boynton1  at¬ 
tempts  to  reconcile  some  of  the  dis¬ 
crepancies  in  the  Hurvich-Jameson  for¬ 
mulation  by  accounting  for  the  physics, 
physiology,  and  psychology  of  the  color 
vision  process.  He  assumes  three  types 
of  photo-pigments  to  be  distributed 
among  five  types  of  cones.  Boynton  sug¬ 
gests  that  color  signals  are  initially  an 
opponent-colors  variety  then  coded  in 
terms  of  the  four  psychologically  unique 
colors.  He  feels  that  the  process  of  color 
vision  will  not  be  understood  “until  the 
electrophysiologist,  probing  into  the 
brain  with  his  electrodes,  has  found 
the  electrophysiological  substrate  of 
conscious  color  experience.” 

A  theory  has  been  proposed  by 
Schroeder’  which  does  not  require  dif¬ 
ferent  kinds  of  photochemicals  or  three 
different  kinds  of  cones.  Color  dis¬ 
crimination  is  accomplished  by  at  least 
three  identical  receptors  positioned  at 
appropriate  points  along  the  outer  seg¬ 
ment  of  each  cone.  When  light  (or  any 
moving  wave)  is  reflected  by  a  surface, 
standing  waves  are  set  up  by  the  inter¬ 
ference  of  the  reflected  with  the  inci¬ 
dent  waves.  For  a  given  wavelength  of 
light,  the  peaks  and  valleys  of  the  stand¬ 
ing  waves  have  a  fixed  position  relative 
to  the  reflecting  surface.  If  three  photo¬ 
sensitive  devices  are  placed  at  appro¬ 
priate  distances  from  the  reflecting  sur¬ 
face,  unambiguous  information  regard¬ 
ing  the  color  of  the  light  can  be  ob¬ 
tained  in  that  a  band  of  more  than  two 
to  one  in  wavelength  is  covered.  Sclnoe- 
der’s  hypothesis  is  purely  mechanistic 
and  is  illustrative  of  the  application  of 
physical  principles,  taking  no  account 
whatsoever  of  physiological  and  psycho¬ 
logical  influences. 
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A  Display  Screen 

With  Controlled  Electroluminescence 


by  Herman  Graff  and  Richard  Martel 


Abstract 

This  paper  describes  a  two-elec¬ 
trode  electroluminescent  display 
screen  which  possesses  the  special 
property  of  controlled  persistence. 
The  simple  multilayered  structure  of 
the  screen  is  compared  with  the 
complicated  structure  of  the  prior 
art.  The  electro-optical  performance 
characteristics  of  a  typical  screen 
are  given.  In  general,  the  screen's 
light  output  is  excited  by  incident 
ultraviolet  radiation  and  is  quenched 
by  infrared  energy.  The  persistence 
of  the  electroluminescent  light  out¬ 
put  is  a  function  of  such  parameters 
as  material  choice  and  intensity  and 
background  radiation  level,  and  ap¬ 
plied  voltage  and  frequency.  The  lat¬ 
ter  two  parameters  are  used  to  con¬ 
trol  the  persistence  of  any  given 
screen.  Persistence  times  ranging 
from  seconds  to  more  than  an  hour 
are  achieved.  Screens  are  provided 
with  characteristics  to  accept  inputs 
from  an  electromechanically  con¬ 
trolled  light  source  or  from  an  optic 
fiber-faced  CRT. 


Introduction 

For  many  years  various  military  agen¬ 
cies  as  well  as  industrial  manufacturers 
have  been  engaged  in  an  active  search 
for  a  simple  and  economical  display 
screen  which  exhibits  controlled  image 
storage  capability.  A  desirable  feature 
of  such  a  screen  is  its  adaptability  to 
both  small  and  large  area  displays. 

Screens,  possessing  various  charac¬ 
teristics  associated  with  a  whole  class 
of  materials,  have  been  under  intensive 
study  and  development.  However,  for 
the  purpose  of  this  presentation  one 
specific  screen  will  be  described,  which 
fulfills  the  foregoing  needs.  This  display 
screen  exhibits  the  following  advantages 
over  other  display  panels:  (1)  it  is  easy 
to  fabricate;  (2)  its  image  does  not 
spread;  (3)  it  is  a  non-modular  high- 
resolution  screen;  and,  (4)  it  has  a  wide 
controllable  range  of  optical  persistence. 

In  the  very  early  stages  of  develop¬ 
ment  of  this  new  screen,  the  limitation 
of  the  prior  art  was  recognized  and 
evaluated.  Electroluminescent-photocon- 
ductive  schemes  were  examined  and 
subsequently  rejected  because  the  fab¬ 
rication  of  these  devices  in  a  manner 
which  solves  the  impedance  matching 
and  crosstalk  problems  proved  difficult. 
Another  class  of  devices  which  utilizes 
the  electroluminescent-ferroelectric  prin¬ 
ciple  was  also  investigated.  It  was  again 
discovered  that  these  devices,  being  of 
a  modular  type,  are  difficult  to  fabricate 
and  exhibit  low  resolution. 


This  review  of  existing  image  storage 
screens  clearly  indicated  that  a  new  ap¬ 
proach  was  needed.  Preferably,  the  de¬ 
vice  should  be  easy  to  fabricate  and  be 
composed  of  continuous  layers  for  max¬ 
imum  resolution  capability.  The  memory 
should  not  depend  on  light  feed-back 
from  the  display  layer,  thus  avoiding 
optical  crosstalk  problems  and  the  need 
to  create  discrete  cells  or  islands.  The 
control  layer  should  exhibit  a  significant 
volume-type  impedance  change  when 
excited,  in  preference  to  a  surface  elec¬ 
trical  change,  because  this  would  elimi¬ 
nate  the  need  for  complicated  and  ex¬ 
pensive  grooving  methods. 

Fundamentally,  the  screen  should  be 
a  two-electrode  device  thus  minimizing 
electrode  interconnection  problems.  The 
display  brightness  should  be  controllable 


to  permit  viewing  under  various  ambient 
light  levels,  including  that  required  for 
normal  reading.  The  screen  should  be 
capable  of  developing  images  exhibiting 
several  “shades  of  gray”. 

Following  several  years  of  develop¬ 
mental  effort  in  the  display  area,  a  new 
and  novel  display  screen  with  unusual 
characteristics  emerged  from  this  labora¬ 
tory.  As  will  be  shown,  this  unique 
screen  with  unusual  characteristics 
emerged  from  this  laboratory.  As  will 
be  shown,  this  unique  screen  overcomes 
the  limiting  constraints  of  previous  solid- 
state  display  screens,  such  as  El-Pc  and 
El-Fe. 

A  qualitative  description  of  this  screen, 
its  mode  of  operation,  some  quantitative 
data  on  its  performance,  and  a  brief 
coverage  of  its  unique  characteristics  and 


BACK 

ELECTRODE 


FIGURE  1:  Typical  structure  of  a  controlled  elec¬ 
troluminescent  panel. 
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potential  applications  will  be  presented. 

Fabrication 

Fabrication  Considerations 

An  isometric  view  of  the  screen  struc¬ 
ture  is  shown  in  Figure  1.  It  is  a  two- 
electrode  device  with  a  control  layer 
and  an  electroluminescent  layer  sand¬ 
wiched  between  the  electrodes.  Since 
the  visible  output  emanates  from  the 
electroluminescent  layer,  the  visible 
image  is  normally  viewed  through  the 
substrate.  It  is  therefore  necessary  that 
the  electrode  between  the  electrolumi¬ 
nescent  layer  and  the  substrate  be  trans¬ 
parent. 

If  the  input  of  writing  is  performed 
through  the  back  side  (or  control  layer 
side)  of  the  panel,  as  is  generally  the 
case,  it  is  then  also  necessary  that  the 
other  electrode  (directly  on  top  of  the 
control  layer)  be  transparent.  In  prac¬ 
tice,  the  viewing  electrode  has  been 
transparent  tin  oxide,  while  the  back 
electrode  has  been  semitransparent  thin 
gold. 

The  techniques  used  for  depositing 
the  materials  between  the  electrodes 
are  any  of  the  numerous  conventionally 
accepted  practices  such  as  spraying, 
silk  screening,  doctor  blading,  settling, 
and  others.  The  electrodes  are  generally 
deposited  by  well-known  vapor  deposi¬ 
tion  techniques. 

The  entire  fabrication  process  involves 
only  “cold”  practices  —  no  sintering  or 
high  temperature  baking  is  employed. 
Therefore,  this  type  of  screen  can  be 
and  has  been  fabricated  on  a  variety 
of  substrate  materials,  including  plastics. 
Furthermore,  depending  upon  the  choice 
of  substrate,  this  screen  can  be  made 
either  rigid  or  flexible. 

Operation  of  Screen 

Referring  to  Figure  2,  the  principles 
of  operation  in  a  typical  screen  are 
described  as  follows. 

When  an  electric  potential  (e.  g.,  100 
volts,  400  cps.)  is  applied  across  the 
two  layers  (El  and  control  layers)  in 
the  screen,  a  specific  voltage  pattern  is 
effected  across  each  layer.  This  voltage 
pattern  is  controlled  by  the  localized 
impedances  of  the  respective  layers.  In 
the  absence  of  incident  radiation  on  the 
control  layer,  the  voltage  applied  to 
the  El  layer  is  uniform  and  is  generally 
adjusted  to  provide  a  low  level  of  back¬ 
ground  brightness. 

Whenever  ultraviolet  light  is  permitted 
to  strike  any  part  of  the  control  layer, 
the  impedance  of  that  exposed  area  is 
reduced.  This  results  in  an  increased 
voltage  applied  to  the  corresponding 
area  of  the  El  layer,  causing  an  in¬ 
creased  brightness  of  that  area.  Thus, 
an  image  is  produced.  Upon  extinction 
of  the  ultraviolet  source,  the  new  im¬ 
pedance  of  the  exposed  control  layer 
will  gradually  return  to  its  original  value. 


BACK 

ELECTRODE  ELECTROLUMINESCENT  TRANSPARENT 


(SEMI-TRANSMISSIVE)  LAYER 


SUBSTRATE 


FIGURE  2:  Operation  of  typical  controlled  elec¬ 
troluminescence  panel. 


TIME  ELAPSED  AFTER  XENON  FLASH  EXCITATION, SECONDS 


FIGURE  3:  Optical  persistence  comparison  of  a 
controlled  electroluminescence  panel 
vs.  a  phosphorescent  screen. 
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unless  acted  upon  by  some  other  energy 
source  (e.  g.,  near  infrared).  Similarly 
the  light  output  of  the  El  will  diminish 
accordingly.  The  persistence  of  the  El 
output,  after  removal  of  light  excita¬ 
tion,  can  be  adjustably  controlled  from 
an  order  of  seconds  to  that  of  an  hour 
or  more. 

A  key  feature  of  the  panel  is  that  the 
memoiy  resides  in  the  control  layer  rela¬ 
tively  independent  of  electrical  input. 
Thus,  in  the  event  of  a  temporary  power 
loss,  reapplications  of  the  electrical  pow¬ 
er  will  restore  the  visual  image.  This 
is  true  of  course  only  if  the  power  is  re¬ 
stored  during  the  normal  decay  time  of 
the  control  layer  “electrical  image.”  Since 
the  storage  and  display  characteristics 
are  independently  controllable,  the  dis¬ 
play  can  be  turned  off  at  will  by  re¬ 
moving  the  electrical  excitation. 

Screen  Performance 
To  date,  the  screen  has  been  used 
in  two  distinct  types  of  applications: 

( 1 )  vehicular  course  plotting,  where 
only  two-tone  information  is  required 


and  (2)  image  reproduction  where  half¬ 
tone  and  picture-quality  properties  are 
required.  Its  performance  in  both  types 
of  applications  will  be  discussed  in  turn. 
Two-Tone  Persistence  Quality 

A  comparison  of  the  optical  persist¬ 
ence  of  a  controlled  electroluminescent 
panel  with  that  of  a  typical  long-per¬ 
sistence  P-2  type  phosphorescent  screen 
after  xenon  flash  excitation  is  shown  in 
Figure  3.  Peak  sensitivity  of  both  screens 
falls  in  the  region  between  3660  A  and 
4000  A. 

It  will  be  noted  that  the  optical  per¬ 
sistence  of  the  controlled  electrolumi¬ 
nescent  screen  exceeds  that  of  the  phos¬ 
phorescent  screen  by  nearly  two  orders 
of  magnitude. 

Picture  (Half-Tone)  Quality 

Shades  of  Gray 

Two  important  considerations  in  evalu¬ 
ating  picture  or  image  quality  are  shades 
of  gray  and  resolution.  To  determine 
the  shades-of-gray  capability  of  a  con¬ 
trolled  electroluminescence  screen,  a 
standard  Kodak  Photographic  Step  Plate 
was  used.  This  step  plate  consists  of  a 


number  of  discrete  areas  of  different 
light  transmission  related  by  the  factor  of 
V  2.  This  plate  was  superimposed  on  an 
excited  panel  and  the  number  of  areas 
through  which  light  was  visible  to  the 
human  eye  was  noted.  The  reference 
step  was  that  step  which  had  zero 
transmission  when  only  background  emis¬ 
sion  emanated  from  the  panel.  This  test 
was  performed  at  various  periods  follow¬ 
ing  excitation  of  the  controlled  electro¬ 
luminescent  panel  with  approximately 
800  gw/cm2  of  UV  energy  at  3660  A. 
Typical  values  are:  nine  shades  of  gray, 
five  seconds  after  excitation  and  four 
shades  of  gray,  five  minutes  after  ex¬ 
posure. 

Resolution 

The  resolution  of  a  controlled  elec¬ 
troluminescence  panel  was  determined 
by  using  a  photographic  negative  with 
a  pattern  of  equal  opaque  and  clear 
lines  of  progressively  diminishing  widths. 
This  pattern  was  produced  on  the  dis¬ 
play  screen  by  contacting  the  negative 
to  the  control  layer  side  of  the  panel 
and  exposing  the  panel  to  UV  (3660  A). 
By  definition,  the  two  narrowest  lines 
produced  on  the  screen  which  are  still 
visible  as  two  lines  (not  blended  into 
one  line)  is  the  limit  of  resolution.  This 
test  showed  a  screen  line-width  resolu¬ 
tion  of  0.003  inch. 

Persistence  Control 

The  optical  persistence  of  this  electro¬ 
luminescence  screen  can  be  controlled 
by  several  means  including  variation 
of  applied  voltage  and  frequency  and 
incident  radiation  input.  The  subsequent 
subsections  summarize  the  salient  data 
acquired  to  date. 

Persistence  Control  by  Applied  Voltage  at  Fixed 
Frequency 

Figure  4  depicts  how  the  magnitude 
of  the  applied  voltage  governs  total  per¬ 
sistence  time  at  a  given  frequency  of 
400  cps,  and  with  an  ultraviolet  excita¬ 
tion  intensity  of  approximately  450 
gwatts/cm2.  Contrast  values  are  plotted 
instead  of  brightness  because  they  ap¬ 
pear  to  be  more  meaningful  to  the  hu¬ 
man  eye,  which  reacts  to  brightness  dif¬ 
ferences  rather  than  actual  brightness 
level.  Contrast  is  herein  defined  as 
follows : 


where  C  =  contrast 

B»  =  active  brightness 
B„  =  background  brightness 
Note  that  background  brightness  changes 
for  each  applied  voltage  condition. 

Using  the  B<.  values  listed  and  the 
contrast  value  at  a  given  time,  the 
actual  active  brightness  on  the  screen 
can  be  calculated  from  the  foregoing 
equation. 

As  shown  in  Figure  4,  when  operat¬ 
ing  at  400  cps  there  is  maximum  per¬ 
sistence  with  75  volts  applied. 
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FIGURE  4:  Optical  persistence  of  a  controlled 
electroluminescence  panel  vs.  fre¬ 
quency  at  a  fixed  applied  voltage. 
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FIGURE  5:  Optical  persistence  of  a  controlled  elec¬ 
troluminescence  panel  vs.  frequency  at 
a  fixed  applied  voltage. 

Excitation  to  near  saturation  is 


Persistence  Control  by  Variable  Frequency  at  Fixed 
Voltage 

It  is  shown  in  Figure  5  that  for  a 
given  applied  potential  of  75  volts  on 
the  controlled  electroluminescent  panel, 
maximum  optical  persistence  is  obtained 
at  the  lower  operating  frequency  of  60 
cps.  Note  also,  that  the  background 
brightness  changes  with  a  change  in  the 
frequency  of  the  applied  voltage. 

Persistence  Control  by  Variable  Voltage  and  Fre¬ 
quency  at  Fixed  Background  Level 

Figures  6a  and  6b  show  the  depend¬ 
ence  of  optical  persistence  on  the  operat¬ 
ing  frequency,  if  the  background  bright¬ 
ness  of  the  electroluminescence  output  is 
maintained  constant.  It  should  be  noted, 
that  to  maintain  constant  background 
brightness,  it  is  necessary  to  readjust  the 
applied  voltage  for  each  condition  of 
operation  frequency.  In  this  case,  a 
background  level  of  0.02  foot-lambert 
was  selected  on  the  basis  of  threshold 
visibility  for  a  given  relatively  dark- 
ambient  condition  in  the  laboratory 
when  brightness  measurements  were 
made. 

It  is  evident  from  both  Figures  6a  and 
6b  that  there  is  a  maximum  in  persist¬ 
ence  and  contrast  in  the  region  of 
480  cps. 

Persistence  Control  by  Radiation  Intensity  and 
Frequency 

The  screen  light  output  can  be  modi¬ 
fied  by  variations  of  the  intensity  and 
duration  of  visible  and  ultraviolet  inci¬ 
dent  radiation  as  well  as  by  infrared 
radiation  history.  The  persistence 
achieved  depends  on  the  light  output 
level.  This  subsection  summarizes  the 
limited  current  data  relevant  to  this 
subject. 

Excitation  saturation  time  as  a  function  of  UV 
intensity 


achieved  in  less  than  100  microseconds 
on  a  12"  x  12"  screen  with  a  400- 
watt-second  xenon  flash  source.  Limited 
studies  have  been  made  in  the  process 
of  adapting  this  display  screen  to  the 
output  of  a  P-16-faced  or  UV  emitting 
CRT.  It  has  been  determined  that  the 
generation  of  a  mm  spot  exhibiting 
near  saturation  brightness  can  easily  be 
effected  in  less  than  10  msec.  This  is 
based  on  the  ability  to  mate  this  display 
screen  to  a  P-16  fiber  optic  faced  CRT 
and  the  condition  that  serious  losses  in 


UV  intensity  are  not  incurred  in  the 
transmission  through  the  glass  fiber  face. 
Quenching  time  as  a  function  of  IR  intensity 

Experimentation  with  three  infrared 
sources  has  yielded  the  following  in¬ 
formation  : 

(1)  At  a  distance  of  35  cm,  a  250 
watt  infrared  Sylvania  lamp 
with  a  number  7-69  Corning 
filter  will  quench  a  small 
screen  in  30  seconds. 

(2)  A  75-watt  spot  reflector,  lo¬ 
cated  35  cm  from  the  panel, 
will  also  quench  in  30  seconds. 
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FIGURE  6a:  Optical  persistence  of  a  controlled 
electroluminescence  panel  at  fre¬ 
quencies  from  60  cps  to  480  cps. 
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FIGURE  6b:  Optical  persistence  of  a  controlled 
electroluminescence  panel  at  frequen¬ 
cies  from  480  cps  to  15K  cps. 
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(3)  Localized  quenching  of  the  ac¬ 
tivated  panel  is  accomplished 
with  the  radiant  energy  from  a 
xenon  flash  lamp.  A  filter  is 
used  with  a  pass  band  from 
0.65  to  1.0  micron  and  the  unit 
is  designed  so  that  one  flash 
of  the  lamp,  applied  to  the 
viewing  side  of  the  screen,  will 
normalize  the  impedance  of 
the  control  layer. 

Power  Consumption 

The  typically  low-power-consumption 
characteristic  of  a  controlled  electro¬ 
luminescent  panel,  both  with  and  with¬ 
out  UV  ( 3660  A )  excitation,  ranges  from 
0.02  to  10  milliwatts  per  square  inch. 

Special  Panel  Characteristics 

In  addition  to  describing  some  of  the 
more  salient  features  of  this  display 
screen,  it  may  be  of  general  interest  to 
briefly  describe  some  of  its  other  sig¬ 
nificant  characteristics  and  potential  ap¬ 
plications  presently  under  study.  A 
unique  characteristic  of  this  panel  is  its 
non-destructive  dual-persistence  mode  of 
operation  as  a  function  of  applied  fre¬ 
quency. 

Recorded  and  displayed  information, 
having  a  long  history,  can  be  totally 
suppressed  by  operating  at  frequencies 
in  the  neighborhood  of  15  keps.  Only  the 
most  recently  recorded  information  will 
be  displayed  at  the  higher  frequency. 


However,  in  the  event  that  a  review  of 
earlier  recorded  information  is  required, 
a  decrease  in  applied  frequency  will 
visibly  reinstate  this  earlier  information 
as  well  as  visibly  retain  the  recent  his¬ 
tory.  This  phenomenon  may  find  utility 
in  heavy  traffic-type  plotting  situations. 

The  ability  to  write  negatively  with 
infrared  is  still  another  interesting  fea¬ 
ture.  It  offers  a  means  of  producing  in¬ 
stant  photographic  positives  from  film 
negatives. 

This  is  readily  accomplished  by  expos¬ 
ing  the  screen  to  UV  light  from  the  view¬ 
ing  side  to  produce  a  uniform  light  emis¬ 
sion  from  the  screen.  A  picture  negative 
is  applied  to  the  rear  side  of  the  screen 
and  the  negative  is  exposed  to  infrared 
light.  This  diminishes  the  brightness  of 
the  screen  in  accordance  with  the  light 
transmission  of  the  negative  thereby  pro¬ 
ducing  a  positive  picture  on  the  screen. 

Summary 

The  screen  uses  two  active  layers  of 
material:  the  control  layer  and  the 
electroluminescent  layer.  Both  layers  are 
continuous,  thus  avoiding  the  difficult 
problem  of  fabricating  discrete  elements. 

The  control  layer  is  a  polvcrystalline 
semiconductor  material  whose  imped¬ 
ance  is  a  function  of  incident  radiation 
history.  Selection  of  appropriate  ma¬ 
terials  avoids  the  spreading  of  the  im¬ 
pedance  pattern  (the  stored  image). 


Generally  the  control  layer  is  excited 
by  ultraviolet  radiation,  quenched  by 
infrared  radiation  and  is  not  affected 
by  most  of  the  visible  spectrum. 

The  electroluminescent  layer  is  stand¬ 
ard  and  is  readily  fabricated  from  avail¬ 
able  materials. 

The  layers  can  be  mounted  on  either 
hard  or  flexible  substrates. 

Achievable  persistence  times  range 
from  seconds  to  over  an  hour. 

Non-persistent  visible  images  can  be 
superimposed  on  the  same  panel. 

The  persistence  of  the  stored  pattern 
can  be  controlled  by  the  choice  of: 

(a)  materials 

(b)  excitation  radiation  intensity 
and  wavelength 

(c)  level  and  frequency  of  volt¬ 
age  applied  across  the  panel. 

The  latent  image  remains  stored  upon 
removal  of  voltage  across  the  panel. 

Both  two-tone  and  graded  half-tone 
images  can  be  stored  and  displayed.  No 
optical  feedback  from  the  electrolum¬ 
inescent  panel  to  the  control  panel  is 
utilized  in  providing  the  storage  capa¬ 
bility. 

This  paper  was  selected  by  ID’s  Editorial  Advisory 
Board  from  those  presented  at  the  Fifth  National 
Symposium  on  Information  Display  held  in  Santa 
Monica,  Calif.,  Feb.  25-26,  1965.  Limited  quanti¬ 
ties  of  bound  volumes  of  all  technical  session 
proceedings  for  this  and  other  National  Symposia 
are  available,  free  to  members,  $10  a  volume  to 
others.  Write:  Information  Display,  160  S.  Robert¬ 
son  Blvd.,  Beverly  Hills,  Calif. 


AN  IMPORTANT  ANNOUNCEMENT  ABOUT  DISPLAYS  FOR  UNIVAC  1107  USERS 


Economical  CRT  Computer  Controlled  Displays,  compatible  with  the  UNIVAC  1107, 
are  now  available  from  INFORMATION  DISPLAYS,  INC.  (formerly  RMS  Associates, 
Inc.). 

All  solid-state  (except  for  21"  rectangular  CRT),  these  displays  write  up  to  67,000 
points  or  characters  per  second.  Light  pens,  vector  generators,  size  and  intensity  con¬ 
trols,  buffer  memories,  and  other  equally  useful  options  can  be  included. 

One  typical  UNIVAC  1107  compatible  system  is  the  IDI  Type  CM  10001.  This  system 
has  three  displays  with  light  pens  and  includes  the  CURVILINE®  Character  Generator, 
vector  generator,  circle  generator,  Teletypes,  mode  control,  drum  memory  and  auxiliary 
line  drivers.  The  price  of  the  CM  10001  Computer  Controlled  Display  System  is 
approximately  $135,000. 

Other  combinations  to  meet  each  user’s  requirements  can  be  assembled  from  the 
assortment  of  standard  options. 

Please  write  or  call  for  complete  information. 

NOTE  TO  USERS  OF  OTHER  COMPUTERS  -  IDI  probably  has  delivered  dis¬ 
plays  compatible  with  your  computer  .  .  .  too! 


INFORMATION  DISPLAYS,  INC. 

102  E.  SANDFORD  BLVD.  •  MOUNT  VERNON,  N.Y.  10550  •  914  OWens  9-5515 
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Chapter  News 

Mid-Atlantic  Chapter:  The  annual  meeting  was  again 
held  at  Tarry  town  House,  Tarry  town,  New  York,  on  June 
12.  Members  and  wives  spent  the  afternoon  swimming, 
playing  pingpong  and  tennis,  bowling,  etc.,  and  generally 
socializing.  A  cocktail  party  and  dinner  preceded  the  busi¬ 
ness  meeting  which  featured  an  address,  “You  Were  There”, 
by  SID’s  National  Vice  President,  William  P.  Bethke,  Direc¬ 
tor  of  Engineering  Div.,  RADC.  Mr.  Bethke  delighted  his 
audience  with  his  humorous  but  accurate  and  perceptive 
examination  of  Command  and  Control  Systems  and  the  de¬ 
cision-making  process.  The  Mid-Atlantic  Chapter  presented 
two  major  awards.  G.  Stone  of  Hazeltine  Corp.,  won  the 
Best  Technical  Presentation  Award  for  his  paper,  "Applica¬ 
tion  of  Diffraction  Phenomena  to  Modem  Display  Tech¬ 
niques”.  The  Distinguished  Service  Award  went  to  S.  Sherr, 
of  Sperry  Gyroscope  Co.  The  Nominations  Committee  an¬ 
nounced  the  results  of  election  for  Chapter  Officers  of  1965- 
1966,  and  the  new  officers  were  installed.  They  are:  Robert 
C.  Klein,  Kollsman  Instrument  Corp.,  Chairman;  Leo  Beiser, 
CBS  Labs,  Vice  Chairman;  T.  T.  Goldsmith,  Jr.,  Fairchild 
Camera  &  Instrument  Corp.,  Treasurer;  I.  Baumel,  Sanders 
Associates  Inc.,  Secretary.  A  special  award  was  presented 
to  Carl  Machover,  outgoing  Chairman,  by  members  of  the 
Chapter  in  appreciation  of  his  services. 

Houston  MSC  Sees  Color  Track  of  Gemini  5 

Gemini  5  was  traced  in  color  on  a  huge  projection  plotter 
in  NASA’s  Mission  Control  Center  at  Houston  during  the 
recent  8-day  flight.  Installation  of  the  10-  by  20-ft.  projection 
plotter  was  completed  after  the  Gemini  4  mission  by  Philco 
Corp.  WDL  Div.,  Houston  Operations,  prime  contractor  for 
the  MCC  with  contracts  of  about  872  million.  The  plotter, 
called  a  Summary  Mission  Display,  was  developed  by  Ling- 
Temco-Vought  under  subcontract  to  Philco.  Purpose  of  the 
Gemini  5  track  was  for  checkout  purposes  in  preparation  for 
Gemini  6,  the  first  Agena  rendezvous  and  docking  mission 
planned.  In  the  latter  operation,  Gemini  6  will  be  displayed 
in  one  color,  and  the  Agena  track  in  another.  Solid  lines  will 
indicate  completed  orbits,  and  broken  lines  will  show  pro¬ 
jected  orbits.  The  display  is  part  of  a  massive  expanse  of 
rear-projection  screens  10  ft.  high  and  60  ft.  across  at  MSC’s 
Mission  Operations  Control  Room. 

Large  ASW  Training  and  AUTEC  Displays 

Two  large  screen  information  display  systems  are  being 
produced  for  the  U.S.  Navy  by  the  Nortronics  Div.  of  North¬ 
rop  Corporation,  Palos  Verdes,  Calif.  One  system  will  be 
used  for  the  training  of  antisubmarine  warfare  students  at  the 
Pacific  Fleet  Task  Force  ASW  Training  Center,  San  Diego, 
as  part  of  the  ASW  simulator  being  produced  by  Lockheed 
Electronics  Co.,  Plainfield,  N.  J.  The  other  system  will  be 
used  in  the  Bahamas  to  graphically  present  missile  and  weap¬ 
ons  testing  both  above  and  below  the  sea  at  the  control  cen¬ 
ter  of  the  Navy’s  first  underwater  test  range,  the  Atlantic 
Underwater  Test  and  Evaluation  Center  (AUTEC),  Andros 
Island,  Northrop  Nortronics’  information  display  systems  in¬ 
corporate  Vigicon  projectors  which  depict  action  as  it  occurs 
in  a  range  of  colors  and  symbols.  Each  system  is  designed  to 
perform  specific  display  functions. 
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Fast-Erase  Direct-View  Storage  Tubes 
The  Electron  Tubes  Div.  of  Fairchild  DuMont  Labora¬ 
tories,  Clifton,  N.J.,  has  announced  a  new  5-in.-diam.  direct- 
view  storage  tube  with  what  the  firm  claims  is  the  fastest 
erase  time  of  any  similar  tube  type.  Termed  Type  KS  2527, 
the  new  tube  permits  utilization  for  a  combined  radar  and 
TV  display. 


The  erase  speed  of  3  milliseconds  maximum  enables  raster 
erasure  to  be  performed  during  vertical  flyback  when  used 
in  the  TV  mode  at  maximum  brightness.  In  the  radar  mode, 
persistence  is  controlled  by  the  erase  pulse  duty  cycle.  The 
KS2527  features  low  magnetic  deflection  angle  for  high 
linearity.  Resolution  is  125  lines/in.  at  high  brightness.  The 
tube  is  magnetically  deflected  and  focused  with  a  P-20 
aluminized  screen.  An  on-axis  writing  gun  is  utilized  for 
improved  pattern  geometry.  Included  is  an  integral,  encap¬ 
sulated  magnetic  shield,  high  voltage  shielded  lead  and 
potted  base  leads.  Pertinent  performance  characteristics  in¬ 
clude  equilibrium  brightness  of  2000  ft.-Lamberts,  writing 
speed  of  300,000  in. /sec.  Specific  application  uses  for  tubes 
such  as  the  KS2527  are  for  high  brightness,  high  resolution 
individual  or  combined  TV  and  radar  displays,  primarily 
designed  for  compact,  rugged  aircraft  requirements,  but  ap¬ 
plicable  to  all  types  of  installations.  Delivery  is  quoted  at  6-8 
weeks. 

Business  Notes  and  News 

Informatics  Inc.  has  received  a  $92,000  Navy  contract 
to  develop  peripheral  site  computer  programs  at  the  Pacific 
Missile  Range.  Informatics  will  provide  a  peripheral  site 
computer  programming  system  at  PMR  Headquarters,  Pt. 
Mugu,  Calif.  Making  the  site  operational  is  planned  in  order 
to  strengthen  PMR  test  facility'  capabilities.  The  computers 
are  part  of  the  larger  real-time  data  handling  system  at 
Pt.  Mugu  and  San  Nicolas  Island,  and  in  Hawaii,  which 
serve  the  entire  Range.  Peripheral  computers  will  reduce 
workload  on  centralized  computers  by  permitting  system 
tests,  instrumentation  control,  local  data  recording,  and  data 
processing  on  UNIVAC  1218  computers.  Informatics  is  a 
wholly-owned  subsidiary  of  Data  Products  Corp.  .  .  . 
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The  lM.  KKEII-n^MO  CoKP.  has  inilnlln:!  llir  riuE^nqV  hugest 
(-Irt-licinif  7-f' nk  market  Lpmtotidn  f.u'ilily  in  (In1  Pif-w  i  .iLrn 
office  ni  Paise.  Webiea,  Jaocwn  A  Cvurrta.  Equipment 
Mtplllie'il  Mvdn  n  TrJrprpistpr  dbpkty  l»4!tt(l  105  ft,  long 

uinl  ii  batten,1  at  .10  T#JeqwtP  lit  desk-! op  devices  which 
friable  (1m-  firm's  personnel  to  obtain  individual  rpmtalerais 
instant ty  on  sewtrnl  thouum]  stock*  .inti  cAninoodltic*.  Ap- 
CQldhlg  to  Bllfdf PT - P -A aw.  IlLu  imw  miiket  infnmuiMOll  o«ri- 
plfS  IS  nearly  [Wifi'  ad  large  ns  liny  iialtrr  brnkfrige  office 
Jtiihllarton.  Ail  iiifurmatFint  disrjiLkyysd  inclii(liiip  jii|E  pjk-y 
rankge  Oil  320  key  Hl(Kl:s  nnrl  lint  prifls  far  450  Olherl,  ii 
gathered  lit  Bunts citfta [rat's  nfiiltime  ditto  prooresang  rtlitcT 
in  New-  VnA  nnd  tem-inlcd  «ver  fl  special  eummunic.L+innK 

network  (n  bnbdtgn  Finns  tvcrosi  the  country  .  .  .  \Veh;:iit- 
mas  *sn  Associates,  Burbank,  Calif.,  Fists  been  appointed 
representative  for  Southern  California  and  C!nrV  County, 
Nevada,  Fan-  products  of  Tiuhtotqp  Eiectiwikics  Corf.,, 
.M  inne.ipulis,  Al  iem.  Ilie  products  utifiuV  cxCciufw  lines  of 
inFHKmis.tLUfi  display  devices  and  rrmtroh  tot  OflirtpiHCrt,  in. 
i1tishi.il  ™urnE  and  missile  gufdnnoc  systems.  TEC  is  the 
wijpmrtof  of  Tec-Lit«,  self-con  rained  tniitistQixciritrolVd 
indicators. 

The  iiC4]tdsJlMD  of  CPM  Srnrats  fwc,  by  litniMATKs 
Inc.  has  bevu  ttunptotetl  ami  CPM  Sysienn  has  moved  its 
favilitius  i..i  the  111 forma ties  building,  Shernimk  Oaks.  Calif. 
.  .  .  FkDKNODCIB  C(3W-  Electronics  ('jnmpnnrul.v  Dir.,  I *1  ,i 

Field,  K-J-,  has  settled  its  rnfringi-mciil  soil  against  Asi .  \ 

Ei,ccmOtoC  Cdhr-,  tltcksvfllc,  N.Y.,  with  an  lareentcnt  per¬ 
mit  ting  Ampam  to  market  and  sell  biquinary  numerical  ln- 
(llcatitr  tuWi  ,ind  rdlaiT  items  cit  COrtlni  lion,  Ski  Ih'Ciim'  from 
Id  in  run  jilis  .  .  .  WlLQKC  3 i:. ,  Chicago.  111.,  lias  received  a 
cxMitnaci.  from  the  Lss  Chirr  ;■  cif  t  ri:r-. iiiiai.  Pntrfu.'jtp^  Im:. 
for  development  of  film  grnphies  (or  NASA's  Apolo  Mission 
SHnidutor  .  -  -  IllsKdiatidk  inmiuk;  Inc,,  Surmyvak, 
OnliL,  has  been  farmed  to  supply-  users  of  short  are  Unips. 

both  nimtny  and  Xeiwnv,  ...ini  Xeiuun  ELutli  Inmps  .  .  .  Fite 

l  uiupiilL'i  display  mo  fades  have  lieei!  sold  hy  SrACMitK, 
OUlsOy  ( r<?lsi-.  Id  llsr  r\IVAt;  [>jv.  of  Smim  ]?  in>v  Coin' . 
far  use  m  the  Army  Operations  CF.-siici  System  (TARMOCS) 
installed  in  the  Fcntagiw  .  .  .  CsLinrau  Compiihi  Frvo- 
pi'-tts  Errs  .  Anabeim,  Cufif. ,  has  Demounted  net  inranr  srf 
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espeiMliLurei  ainonuti^E  to  aluml  SI  |i  sh.pe  in  die  Eater  per- 
hkI,  more  than,  double  ilwse  of  last  year,  it  spoVesmnn  said, 

Sfehht  Ra.S'D  Com*,  ha-,  rterived  a  more  than  82  mi  llinn 
eoatri.K-t  fiom  TtaamiE  .Statr.Ms-  (?«.,  Tor  displays  to-  be 
laitsl  in  111*  Navy  HuWeps'  IJileKtotiyd  ([dkflptCi  Avidflfc 
Sy-ilsm  l  IHASi.  Sjwrry  yvtll  tlelii'er  ftolr  prtHsitypsiJ-  of  (ltd) 
d  Eivn  displays,  llic  Jitst,  culled  a  Vertical  Situaliou  Dis¬ 
play,  iiFFerr  pilot  and  copilot  a  choice  of  four  modes:  A 
Ulltht  data  imisfi'  for  flight  oontni-l  infurmatimt  only,  a  linv. 
light-level  T^-'  mode,  o  -.Fi.uIim  i:.|  gray  tnraisi  avpiebanre 
aa  all’  gji  im>;  the  pilot  slraiyiil  ahead  siirsa'iir.iiiisi  and  an 
E’SWin  mode  in  faddtli  a  profile  of  the  terr.iui  npiTears.  The 
sccsmtl  i mil,  called  a  riavigatiori  i  adnr  toetie-af  display,  prc- 
seuis  eiilhcr  a  map  or  a  radar  piAttucr  with  symbols  super- 
■mpused  representing  such  things  as  the  alrenift  position, 
direct iffl)  C>f  flight,  smd  dird  points. 


Display  fpi  C-uir  pi  ter  Cor  tre  !ed  Rimc  tar 

ITT  Industrial  Frodtuts  Div.  »  (-apply  ing  a  t'lnre-i  i.lor 
CR  F  alphiinUmeriL  display  for  a  dsito-procvncing  jnfl  mntrnl 
sytteni  m  llic  nations  first  LuinjmtejayruktroFled  nuclear  re¬ 
actor.  Tlui  hijdi-spceil  [Siioe-iTjliyr  do:  pi  ay  Is  twiiraeted,  by 
Astmdatu  Inc.,  Anahesm.  Catil,,  pifirDO  KHilradw  lo  the 
AfyC  fur  the  Micppuict-conttollcd  system,  Tlw:  dlsplsiy  wilf 
ifii  luitr  flu  alphanuiiieric  dunutar  generator  -Hill  II  model 
KM-fJltC  19-lti.  lllgfi-^pced  thr«H.'-™liw  cOuipUttr-scnpe. 


NOW!  “ILLUMINATE” 
YOUR  NO  N-ILLUM I NATED 
SWITCHES! 


ECONOMICALLY  .WITHOUT 


LAMPS,  WIRING  OR  HEAT 


SWITCRCRAFT'S  REVDLOTI  ON  ART  NEW 

GLO- BUTTON 

THE  NEW  THIRD  DIMENSION  IN  SWITCH  BUTTONS 

Get  this:  no  lamps,  na  -'.irirg,  no  beat,  no  separni?: 
power  supo-iy— y^t.  -*hen  you  pusH  these  i-ripyeniaus 
butlons  pier  "glow  bn.Ulitly  g'vihjt  a  dear.  V  Sual  ir 
dieatton  uf  Itie  circuit'*  eondilin-ii!  r I ■ : ■  V  arid  a  bril¬ 
liant,  publen  iciiv  ra:  third  uba:-;c  to  the  enaineer 
■*hn.’s.  fwki ng  far  (he  instant  visibility  ui  .1  lurni notes 
bottcu»s  I'especiaity  om  crowded  control  paiidsF  with 
toe  multiple  ecoaomies  end  simplicity  of  hM-illum  - 
naled  buttons. 

SIMPLE,  FOOL-PROOF,  POSITIVE  OPERATION  .  ,  . 

PyiSlHn  •legs"  Chi  ItHrth  d  button  arc  con 
netted  to  internal  fluorescent  iIIuith. 
nator  wh-ch  oduatos  the  "ctow."  Wlven 
you  push  Vic  button  "in'"  Ina  intr-rral 
I  luoresce  nt  Ik  m  in.rlor  is  (Hit  in  c^arAOt 
with  Mi--  lic-nt  sartr  n  «nd  Kfuid  H-bwl 
Urigbdy  -  -  -  if*  very  hiHi  or  very  lew 
ihioii!u*l  lighL  Silijatibis.  Release,  it's 
out,  Wun'i  Insc  its  b*v|liaince,  2  type-s:- 
whita-face  buLLcn  has  visible  lecrnd 
whelhcr  button  is  "in"  or  "tnU."  blach- 
r j : button  has  visible  li->y-i  :: n Ir 
wh«i  hutlbn  i$  Tn.” 


VIRTUALLV  UNLIMITED  APPLICATIONS  .  .  , 

Uk1  Mn.1  f.l:; -Ruttun"  Series  Xon  ell  pushhultcn  se.tclics 
with  standard  CM"  .187"  plunders,  scch  as  Inilcti- 
trait  Series  ;«».  HOBO  and  IVODtl  "Wiiil  ■SiVitohtt,"'  or 
a-lhcr  switches  with  nw.i.viKd  plunge1  ikctidh  -inn  iny.i- 
mum  I  -M  i a-:;: k  (4  ].'  t6_.  to«l  for  ccenputtfi.  control  pan¬ 
el's.  i  n  str  li  me  ii  Ld  Li-Sh.  commercial  and  industrial 
euiulp merit.  Or  any  pksce  that  pushbutton-  switches  musl 
be  ccmt- ned  wiLti  t-curorr  cal,  reliable-  v.sual  slgnalifig. 
Write  on  your  Intlr-rticad  lor  a  sample. 


SfiYD  *Ofi  NLnti£,r,i(v  jia,  0r  sm.  your  lornl  Si*1, raff 
Aultowca  r.Triusrr.-jJ  asIWAifhir  for  unHiNMur.'c  <Jt5.'.:r *.y 

At  factory  erlpes 
*pu£ht  jifihhD  fto 


5531  Worth  Elston  Avo„  Chid**,  Nirmi,.  (g>630 
CL'ncu  ii-is  n«.3  Corp..  Lid,  »  Wi'tsld  Are.,  Iremla,  Sourly 
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INTRODUCING: 

SMALL.  RUGGED 
LITTON  L-4183  CRT 


FOR  HIGH  RESOLUTION 
LINE  SCAN  RECORDING 


Featuring  outstanding  compactness,  the  new  Litton 
L-4183  cathode  ray  tube  offers  line  scan  or  character 
recording  of  unusual  clarity  with  either  fiber  optic  or 
conventional  faceplate.  Minimum  useful  screen  area 
is  %  inch  by  4%  inch  with  a  40  degree  deflection 
angle.  Focusing  and  deflection  are  both  electromag- 
netically  controlled.  Applications  include  infrared  or 
synthetic  aperture  radar  recording.  This  minimum  vol¬ 
ume,  high  resolution  CRT  is  also  offered  in  two  rug- 
gedized  versions  for  airborne  environments:  the  tube 
alone,  or  as  part  of  a  prealigned,  ready-to-use  package 
complete  with  deflection  yoke,  focus  coil  and  magnetic 
shield.  Highest  quality  fiber  optic  faceplates  and  most 
standard  phosphor  types  are  available.  For  details  on 
the  L-4183  or  for  information  on  our  complete  line  of 
display  devices  and  associated  electronic  equipment, 
write  San  Carlos.  Calif,  or  telephone  (415)  591  8411 


E  LITTON  INDUSTRIES 

ELECTRON  TUBE  DIVISION 


San  Carlos,  California/Williamsport,  Pennsylvania/Canada:  25  Cityview 
Drive,  Rexdale,  Ontario/Europe:  Box  110,  Zurich  50,  Switzerland 


Management  Display  System 

Up-to-the-moment  company  operating  data  can  be  pre¬ 
sented  on  the  recently  developed  Information  Displays  Inc. 
(formerly  RMS  Associates  Inc.)  Management  Display  Sys¬ 
tem,  IDI  Type  CM  10009.  Driven  over  Dataphone  from  a 
UNIVAC  490  computer,  the  system  can  be  many  miles 
from  the  computer.  Interfaces  for  other  computers  are  also 
available.  A  large  (4096  x  30)  core  memory  in  the  display 
refreshes  the  display  rapidly  at  flicker-free  rates,  while  at 
the  same  time,  accepts  low  speed  Dataphone  signals  from 
the  computer.  Profit  and  loss  statements,  break-even  curves, 
sales  data,  and  any  other  desired  information  can  be  shown 
on  the  21-in.  rectangular  CRT  in  formats  already  familiar  to 
management.  Contained  in  the  system  are  line,  dot,  char¬ 
acter,  and  circle  generators,  all  under  computer  control. 
Management-computer  communication  is  made  possible  with 
the  keyboard,  light  pen,  and  special  pushbutton  switches. 
“Gaming”  with  the  company  .  .  .  such  as  investigating  effects 
of  inventory  changes,  cost  changes,  and  the  like  ...  is  made 
feasible  by  this  versatile  computer  display  system  and  ap¬ 
propriate  programming.  A  unique  “Jump  To”  feature  allows 
selected  portions  of  the  memory  to  be  displayed,  thereby 
providing  a  page  turning  capability.  Two  cabinets  comprise 
the  CM10009  display  system.  The  displatj  generator,  in  a 
cabinet  69  in.  H  x  46  in.  W  x  24  in.  D,  contains  the  core 
memory,  Dataphone-490  interface,  function  generators,  mis¬ 
cellaneous  logic,  keyboard,  and  pushbutton  controls.  The 
display  console,  in  a  cabinet  5321  in.  H  x  3054  in.  W  x  32)$  in. 
D,  mounts  the  21-in.  CRT  and  includes  the  deflection  cir- 
suits,  and  display  power  supplies.  Mounted  on  casters,  the 
display  console  can  be  readily  moved,  and  can  be  operated 
up  to  50  feet  away  from  the  display  generator.  To  insure 
reliable,  trouble-free  operation,  the  CM10009  System  is 
completely  solid-state  (except  for  the  CRT).  A  wall  size 
( 12  ft.  x  12  ft. )  display  can  be  operated  in  parallel  with 
the  21-in.  CRT  using  auxiliary  outputs  provided  in  the 
system. 


Computer-Based  Electronics  to  Aid  Surgeons 
A  computer-based  electronic  “early  warning  system”  de¬ 
signed  to  alert  physicians  in  surgery  to  swift  and  subtle  phys¬ 
iological  changes  in  a  patient’s  condition  is  being  developed 
for  the  Presbyterian  Medical  Center,  San  Francisco.  The  In¬ 
stitute  of  Medical  Sciences,  a  research  affiliate  of  the  center, 
and  the  International  Business  Machines  Corp.  have  signed 
a  joint  study  agreement  to  develop  the  patient  monitoring 
system.  During  patient  monitoring,  data  from  physiological 
sensing  devices  will  be  relayed  to  an  IBM  1800  computer 
where  it  will  be  immediately  processed.  The  resulting  infor¬ 
mation  will  be  displayed  for  attending  physicians  in  surgery. 
Selected  information  can  be  stored  in  the  computer’s  memory 
for  subsequent  recall.  A  team  of  physicians,  engineers  and 
computer  programers  from  IBM’s  Advanced  Systems  Devel¬ 
opment  Division  is  developing  the  monitoring  system  at  the 
Mohansic  Systems  Laboratory  in  Yorktown  Height,  N.Y.  and 
at  the  Presbyterian  Medical  Center  in  San  Francisco. 


Reconotron  Keeps  Mariner  Properly  Oriented 
Jet  Propulsion  Laboratory  engineers  kept  Mariner  IV 
properly  oriented  on  its  precise  course  to  Mars  (only  a 
small  percentage  of  available  mid-course  correction  was 
needed)  by  causing  a  small  vacuum  device  to  fix  on  the 
star  Canopus.  The  device,  called  a  “Reconotron”,  was  de¬ 
veloped  by  CBS  Laboratories  at  Stamford,  Conn.  Canopus 
was  selected  because  of  its  brightness,  and  lack  of  other 
bright  stars  in  its  vicinity.  This  made  it  a  suitable  reference 
to  point  cameras  toward  Mars  and  antenna  toward  Earth 
in  the  July  encounter.  The  special  tube  is  only  6  in.  long  and 
1.5  in.  diam. 
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INFORMATION  DISPLAY,  SEPTEMBER/OCTOBER,  1965 


Speeding  Access  to  Stored  Information 

Stromberg-Ciirlson  Corp.  is  expanding  its  product  line 
in  the  business  data  handling  field  with  the  introduction 
of  the  S-C  1100  inquiry  display  system,  obtained  by  acquisi¬ 
tion  of  the  Information  Products  Corp.’s  assets  from  Renwell 
Industries  earlier  this  year.  Stromberg-Carlson  will  manu¬ 
facture  and  market  the  items  from  its  Data  Products  facili¬ 
ties  in  San  Diego.  The  main  element  of  the  S-C  1100  sys¬ 
tem  is  a  desk-top  interrogator  which  looks  like  a  compact 
adding  machine  with  a  small  TV  screen.  Its  primary  pur¬ 
pose  is  to  provide  high-speed  electronic  inquiry  and  display 
of  computer-stored  information.  It  can  also  provide  a  method 
for  entering  new  data  into  a  computer’s  memory.  In  a  typical 


system,  the  operator  receives  an  inquiry  concerning  an  ac¬ 
count  or  other  record  by  phone.  The  clerk  uses  the  key¬ 
board  to  enter  the  account  number.  She  visually  verifies  her 
entry  on  the  cathode  ray  tube  screen  and  by  depressing 
the  “transmit”  bar,  sends  the  request  to  the  computer  which 
immediately  returns  data  related  to  the  account  or  inquiry 
for  display  on  the  interrogator  screen.  With  this  system, 
the  clerk  or  other  company  personnel  have  immediate  access 
to  up-to-date  information.  In  some  applications,  entries  to 
records  may  also  be  made  with  the  system.  In  this  case  the 
clerk  enters  the  record  number,  the  data  to  be  entered  and 
the  function  code  which  tells  the  computer  the  type  of  entry 
to  be  initiated.  When  transmitted  by  the  operator,  the  new 
information  is  added  to  the  stored  record  automatically.  Two 
versions  of  the  S-C  1100  are  available.  One  is  capable  of 
presenting  100  characters  of  information  at  a  time  on  the 
tube  face  while  the  other  model  displays  up  to  500  charac¬ 
ters.  The  desk-top  display  and  entry  unit  provides  complete 
message  composition,  communication  and  display  facilities. 
The  equipment  can  be  operated  by  anyone  after  only  a 
few  minutes  of  instruction.  The  S-C  1100  has  its  own 
memory  so  the  data  will  remain  on  the  display  screen  until 
erased.  The  system  can  also  be  used  in  conjunction  with  a 
printer  so  an  operator  can  obtain  a  permanent  paper  record 
of  displayed  data.  Also  included  in  the  new  line  of  Strom¬ 
berg-Carlson  products  is  a  control  unit  which  provides  all 
the  necessary  controls  to  multiplex  up  to  24  interrogators. 

Photography  in  Information  Storage  &  Retrieval 
The  Society  of  Photographic  Scientists  and  Engineers  has 
chosen  “Photography  in  Information  Storage  and  Retrieval” 
for  the  theme  of  its  1965  Symposium  Oct.  21-23  at  Marriott 
Twin  Bridges  Motor  Hotel,  Washington,  D.C.  Each  session 
chairman  will  be  invited,  and  will  present  a  state-of-the-art 
review  in  his  field.  The  Symposium  will  conclude  with  an 
open  panel  session  on  various  aspects  of  information  storage 
and  retrieval,  including  optics,  recording  materials,  coding, 
read-in,  storage,  read-out,  and  over-all  systems  considerations, 
as  well  as  the  comparison  and  assessment  of  photographic 
systems  with  non-photographing  systems.  Tentative  program 
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topics  include:  Information  Properties  —  Bit  density,  signal/ 
noise,  spatial  frequencies,  enhancement  techniques;  Read- 
In  —  Digitizing  techniques,  electro-optical  devices,  CRT  and 
light  matrix  devices;  Storage  —  Permanent  and  reversible 
materials,  memory  form,  electro  and  photosensitive  media, 
transport  systems;  Read-Out  —  Parallel  and  serial  access, 
search  techniques,  photoelectric  recognition,  display,  rapid 
printout;  Optical  Computers  —  Digital,  analog,  Coherent 
systems.  Information  may  be  obtained  from  William  S. 
Dempsey,  SPSE  Publicity  Chairman,  Houston  Fearless  Corp., 
1413  K  St.  NW,  Washington,  D.C.  20005. 

Computer  Handles  9  Programs  Simultaneously 
Honeywell’s  Electronic  Data  Processing  Div.  has  moved 
further  into  the  third  generation  with  the  introduction  of  a 
new  large-scale  computer  using  advanced  microcircuitry 
throughout.  Termed  the  Honeywell  8200,  it  combines  key 
features  of  the  firm’s  two  top  computer  lines,  enabling  it  to 
process  nine  separate  programs  at  the  same  time.  It  is  de¬ 
signed  for  mixed  business,  scientific  and  realtime  data  proc¬ 
essing,  and  can  operate  on  both  word-  and  character-oriented 
programs.  Memory  and  input/output  protection  features, 
plus  extensive  interrupt  capabilities,  make  the  H-8200  ex¬ 
tremely  attractive  for  time-sharing  applications,  the  announce¬ 
ment  said.'  The  H-8200  can  share  memory  among  the 
equivalent  of  10  central  processor  groups  (multi-processing); 
run  nine  programs  at  once  (parallel  processing);  and  have 
more  than  one  'dive”  program  controlled  by  a  single  proces¬ 
sor  group  (multi-programming).  More  than  3,000  stations 
can  share  time  simultaneously.  The  H-8200  contains  three 
major  subsystems:  Processor,  memory  and  input /output.  The 
processor  has  within  it  10  programming  groups  —  nine  run¬ 
ning  active  programs  and  a  tenth  —  called  the  master  control 
group  —  monitoring  the  entire  computer.  Eight  of  the  active 
programming  groups  handle  data  and  instructions  in  the 
form  of  fixed-length  words.  The  ninth  active  programming 
group  handles  data  and  instructions  in  the  form  of  discrete 
variable-length  characters.  The  master  control  group  provides 
intercommunication  among  all  active  programming  groups. 
The  processor  also  includes  console,  display  and  manual 
control  facilities.  The  memory  subsystem  has  one  to  eight 
memory  modules  and  a  memory  multiplexor  (MM).  Each 
module  holds  131,072  characters  (16,384  words)  for  a  total 
maximum  core  storage  capacity  of  1,048,576  characters 
(113,072  words).  Memory  cycle  time  is  750  nanoseconds 
per  eight-character  word.  This  speed  and  capacity,  in  addi¬ 
tion  to  a  high  computational  rate,  makes  possible  a  basic 
data  transfer  rate  to  peripheral  devices  of  1.33  million  char¬ 
acters  a  second.  The  MM,  to  provide  maximum  memory 
utilization,  can  access  up  to  three  memory  modules  during 
each  cycle.  It  handles  and  routes  multiple  requests  for  access 
to  memory,  assigns  priorities,  resolves  conflicting  requests 
and  provides  memory  barricade  control  so  that  one  active 
program  will  not  disturb  operation  of  another.  The  input/ 
output  subsystem  comprises  an  input/output  multiplexor 
(I/OM)  and  up  to  32  read/write  channels.  Up  to  48  peri¬ 
pheral  control  units,  and  their  associated  devices,  can  be 
connected  to  the  subsystem,  enabling  the  H-8200  to  operate 
up  to  32  peripheral  devices  simultaneously.  The  I/OM 
continuously  scans  all  peripheral  control  imits  connected  to 
the  system  and  requests  time  from  memory  whenever  a  data 
transfer  is  to  take  place.  In  a  time-sharing  or  data  com¬ 
munications  application,  for  example,  each  control  unit  can 
be  linked  to  a  64-line  communications  device  for  a  total  of 
3,072  remote  connections.  Access  to  the  H-8200  will,  in 
effect,  be  instantaneous  from  the  standpoint  of  the  remote 
communications  devices.  The  I/OM  contains  hardware  which 
enables  the  program-assignable  read/write  channels  to  “float” 
among  the  peripheral  devices  connected  to  the  system.  Any 
peripheral  device  is  available  for  either  word-  or  character- 
oriented  programs. 
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There's  a  Burroughs  NIXIE"  tube  display  to  fit 


your  application 
your  specification 
your  budget 
your  equipment 

we're  application?  Grieved . . .  that's  why  NIXIE  tubes 
come  In  more  siies-  shapes  and  types  than  any  other 
readout  ava irabre ,  There's  a  nixie  tube  to  suit  require¬ 
ments  ranging  Sit  th*  way  from  numerical  readout  of 
navigational  data  lor  “iisth-OWisciouS'1  aircraft  instru- 
mcnf  panels  to  alphanumeric  display  of  stock-marKet 
transactions  lor  vienv^rs  up  to  1M-I50  feet  away. 

We're  budget  conscious  too.  The  per-digi?  cost  ol  a 
NIXIE  tube  display  is  less  than  that  of  any  cpmjMrable 
electronic  display  technique,  especially  when  you  con¬ 
sider  the  cost  of  associated  drive  circuitry  and  power 
supplies,  Add  to  this  the  extreme  reliability  and  a  Iwu-yeai 
warranty,  items  which  can't  be  bought  in  any  other  read¬ 
out  at  any  price,  and  you've  got  an  unbeatable  deal. 


And  we're  equipment  conscious  ,  .  .  which  means  thal 
we'v#  designed  display  modules  to  match  almost  any 
input  requirement.  Using  hybrid  circuits  with  face- 
bonded  single-sided  semiconductors,  we've  come  up  with 
extremely  flexible  units  which  give  custom  performance 
at  costs  rivaling  high-production  items.  Now  you  can  buy 
NIXIE  tube  drivers,  decoders,  counters,  with  or  without 
memory  tailored  to  meet  your  specifications- 

so  lei's  hear  from  you.  Your  application.  Specification, 
budget,  equipment  are  important  to  uS-  We're  in  business 
to  meet  your  display  requirements,  Remember— you  get 
much  more  thaw  a  readout  when  you  buy  a  NIXIE  tube 
dlspiay- 
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New  brilliance  and  clarity 
in  a  digital  read-out! 

More  than  a  dozen  outstanding  features  demonstrate 
that  the  Tung-Sol  DT1511  is  the  most  thoroughly 
engineered  read-out  of  its  type.  Its  physical  and  elec¬ 
trical  characteristics  combine  to  produce  a  read-out 
of  unequalled  legibility.  DTI  511  provides  all  those 
features  most  desired  for  brilliant  display,  thorough 
reliability  and  universal  application. 

Write  for  bulletin  T430  which  contains  detailed  in¬ 
formation. Tung-SolElectricInc., Newark, N.J. 07 104. 


Brilliance.  Incandescent 
lamps  provide  clear,  white 
characters  with  a  minimum 
brilliance  of  500  foot-lam- 
berts  at  4.0  volts. 


In-line,  In-plane.  Viewing 
surface  is  a  single,  Inte¬ 
grated  block  with  charac¬ 
ters  precisely  aligned  in  the 
same  plane. 


Wide  angle  view.  Charac¬ 
ters  lose  none  of  their  legi¬ 
bility  even  when  viewed  at 
an  angle  of  150  degrees. 


Clarity.  Seven-segmented 
characters  have  high  con¬ 
trast  between  "on"  and 
“off"  segments,  resulting  in 
unequalled  clarity. 


CENTER  LINE 

A  TUNG-SOL  dti5ii 

*  ^  ILLUMINATED  DIGITAL  DISPLAY 

QUALITY 


New  Air  Line  Arrival/Departure  Display 
Ozark  Air  Lines  has  unveiled  a  new  electronic  display 
system  that  provides  the  flying  public  with  up-to-the-seeond 
information  on  the  arrival  and  depature  of  all  Ozark  flights 
at  O’Hare  International  Airport.  The  information  is  dis¬ 
played  in  glowing  green  characters  on  cathode  ray  screens 
at  ticket  counters  and  departure  gates  in  the  Ozark  Terminal. 
The  system  was  supplied  by  the  Bunker-Ramo  Corp.  The  de¬ 
parture  screens  show  up  to  twelve  different  flights,  giving 
the  flight  number,  destination,  time  of  departure,  and  gate 
number.  Arrival  screens  show  flight  numbers,  points  of  origin, 
arrival  times  and  gate  numbers.  Each  flight  carries  remarks 
such  as  “boarding,”  “on  time,”  “extra  section,”  etc.  The  flight 
information  data  is  entered  through  a  special  input/output 
device  at  Ozark’s  Flight  Control  Center  in  Chicago.  The  char¬ 
acters  appear  on  a  small  screen  in  front  of  the  operator  for 
verification.  Then  at  the  touch  of  a  button  the  information  is 
transmitted  to  the  23  in.  cathode  ray  screens  for  public 
viewing. 


New  TV  Hard  Copy  Printer 

A  television  printer  which  produces  high  quality  hard  copy 
prints  of  video  information  displayed  on  a  TV  cathode  ray 
picture  tube,  has  been  developed  by  GPL  Div.,  General  Pre¬ 
cision,  Inc.  The  printer  provides  photographic-quality  8h  in. 
x  11  in.  prints  of  any  image  viewed  on  a  control  monitor,  in 
only  30  seconds,  and  at  a  cost  of  only  7 1  per  print,  according 
to  the  manufaturer.  The  new  GPL  TV  printer  consists  of 
three  major  assemblies:  CRT  and  Electronics;  Optics;  and 
Rapid  Processor.  Front  panel  controls  include  On-Off,  Ex¬ 
posure  Timing,  and  PRINT  pushbutton.  The  completed  semi¬ 
dry  print  is  ejected  through  a  slot  in  the  lower  front  section 
of  the  unit.  Operation  can  be  remote,  automatic  and  unat¬ 
tended  with  either  525-  or  675-line  horizontal-scan-rate  ac¬ 
cepted.  Other  features  include:  Adjustable  aperture  correc¬ 
tion,  electronically  regulated  power  supplies,  and  switchable 
picture  polarity.  The  unit  weighs  140  lbs.,  and  measures  32 
in.  high  x  18  in.  wide  x  36  in.  deep. 


Near  Real-Time  Aerial  Recon  Information 
Philco’s  Aeronutronic  Div.,  Surveillance  Radar  Dept.,  Blue 
Bell,  Pa.,  has  developed  an  aerial  reconnaissance  photograph 
scanning  and  reconstruction  system  to  provide  near  real¬ 
time  information  for  field  commanders.  Called  Project  See 
Fast  by  the  Air  Force,  for  whom  it  was  developed,  the 
system  is  currently  under  evaluation.  It  is  designed  to  provide 
improved  close  air  support  for  ground  troops.  The  system 
scans  sensor  imagery  and  reconstructs  it  at  a  remote  receiver 
station.  It  utilizes  an  airborne  single-line  flying  spot  scanner 
to  transform  information  from  70-mm  film  to  video  form  for 
transmission  via  data  link  to  a  relay  aircraft,  thence  to  a 
ground  station  where  a  CRT  film  recorder  converts  video 
data  to  a  photo  image  on  5-in.  film.  Also  in  use  is  a  Lock¬ 
heed  C-130,  converted  by  LTV,  as  an  Airborne  Battlefield 
Command  and  Control  Center  for  alternate  use.  Philco  re¬ 
ports  the  system  is  capable  of  scanning  50  feet  of  aerial 
photographs  of  70mm  film  at  a  rate  of  1  in. /sec.  and  re¬ 
producing  them  at  two  times  size  on  5-in.  film  at  a  rate  of 
2  in. /sec.  The  over-all  resolution  is  20  optical  lines /mm 
with  10  shades  of  gray  ranging  from  neutral  density  0.2  to 
neutral  density  2.0.  A  line  traced  formed  by  a  1.2  mil  (half 
brightness)  spot  on  the  scanner’s  5-in.  CRT  light  source  is 
imaged  1  to  0.5  on  the  continuously-moving  70mm  photo¬ 
graphic  images.  The  intensity  of  the  spot  is  modulated  by 
the  density  of  the  emulsion  in  the  photograph  and  its  light 
is  collected  by  a  photomultiplier  which  yields  the  video  sig¬ 
nal  for  transmission.  The  system  operates  in  the  near  ultra¬ 
violet  spectral  region  with  a  P-16  phosphor  CRT,  special 
color  corrected  optics  and  an  S-ll  response  photomultiplier. 
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Glass  tubes  obsolete? . . .  Look  again! 


One  gun  or  twelve,  short  neck  or  long, 
round  face  or  rectangular,  fibre  optics  or  standard . . . 


*You  can  take  ETC  to  mean  Electronic 
Tube  Corporation... or  unlimited  cathode 
ray  tube  capability.  Either  definition  points 
to  the  pacesetter  of  the  CRT  industry. 

ETC  got  off  to  an  early  start  in  the 
mid-thirties  when  the  cathode  ray  tube 
was  considered  a  laboratory  curiosity. 
Today,  with  the  emphasis  on  solid  state 
technology,  ETC  is  one  of  the  largest 
suppliers  of  CRT's  to  science,  industry 
and  the  military. 

ETC  can  supply  150  different  tubes 
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from  stock  but  our  specialty  is  the  design 
and  fabrication  of  tubes  which  never  ex¬ 
isted  before ...  to  do  challenging  new  jobs 
that  couldn't  be  done  before. 

To  design,  develop  and  test  tubes  for 
such  specialized  applications ...  to  produce 
them  under  the  most  exacting  quality  con¬ 
trols  . . .  calls  for  outstanding  engineering 
know-how  and  capability.  This  kind  of 
capability  is  a  byword  at  ETC.  It  contrib¬ 
utes  to  the  overall  superiority  of  even  the 
lowest  price  CRT. 
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* 

® 

Why  not  call  in  this  specialized  capa¬ 
bility  when  you  are  in  need  of  CRT's  — 
standard  or  custom  designed.  Whatever 
your  requirements,  you'll  see  more  dis¬ 
play  per  dollar  on  an  ETC  tube.  May  we 
show  you  why?  Write  today  for  our  free 
new  catalog. 

GENERAL 

ATRONICS 

ELECTRONIC  TUBE  DIVISION  vMtroni<*® 
PHILADELPHIA  •  PENNSYLVANIA  19118 


Take  a  cold,  hard  look,  for  instance, 
at  the  symbol  printer  and  its  in¬ 
tegral  pen  and  inking  system.*  The 
complete  unit  is  '/3  to  %  smaller 
than  competitive  units.  It  has  no 
dangling  umbilical  cord.  Pens  are 
low-mass,  solenoid  actuated.  Cap¬ 
illary  action  prevents  spilling  at  any 
slew  speed  or  acceleration,  and 
the  ink  reserve  can  be  filled  with¬ 
out  disassembly.  Ink  supply  is  indi¬ 
cated  visually.  The  arm,  only  V/4 
inches  wide,  is  servo-motor  driven 
at  both  top  and  bottom.  It  is  ball¬ 
bearing  mounted  on  stainless  steel 
rails,  precision  ground  to  within 
0.004  inch.  It  allows  accelerations 
of  400  ips2  in  both  X  and  Y;  pro¬ 
vides  static  accuracy  within 
±0.05%  of  full  scale,  and  repeata¬ 
bility  of  ±0.02%. 

Milgo  offers  analog  and/or  digital 
recorders  in  vertical  or  horizontal 
models  with  plotting  surfaces  up 
to  45  x  60  inches.  If  you  need  to 
know  what  your  "data-display 
dollar"  can  buy,  call  Tom  Thorsen, 


Milgo  Electronic  Corporation 


If  you  really  care  what  your 
data-display  dollar  is  buying... 


Take  a  cold,  hard  look  at 
Milgo’s  New  30"  x  30"  Vertical¬ 
plotting  X-Y  Recorder. 

Compare  it  for  speed.  Repeata¬ 
bility.  Accuracy.  Reliability.  Plot 
visibility.  Add-on  flexibility.  Versa¬ 
tility.  Quality.  Floor  space.  Delivery 
time. 

The  Milgo  solid-state  4021 D  X-Y 
Recorder  accepts  on-line  digital  in¬ 
puts  from  any  digital  computer; 
off-line  inputs  from  magnetic  tape, 
punched  paper  tape,  punched 
cards,  a  manual  keyboard  or  an 
analog  source.  The  pen/printer 
draws  lines,  curves,  and  point- 
plots;  it  symbol  prints  with  a  50 
character  symbol  printer.  Pen  and 
symbol  printer  interchange  elec¬ 
tronically  in  milliseconds.  The 
pen/printer  has  a  slew  of  30  ips, 
with  a  continuous  writing  speed  of 
20  ips.  The  pen/printer  point-plots 
in  either  pen  or  symbol  mode  at 
500  ppm.  It  prints  a  random  selec¬ 
tion  alpha-numeric  character  at 
300  per  minute.  The  plottingsurface 
is  evenly  back-lighted  by  a  variable 
powerstat  control.  Plots  are  clearly 
visible  for  10  feet  or  more.  The 
complete  unit  only  occupies  a 


50  by18inch  floor  space. The  4021 D 
was  developed  and  is  produced  to 
military  standards  of  quality  and 


reliability.  It  is  rugged  and  of  mod¬ 
ular  construction.  Installed  and 
operating,  it  has  the  lowest  feature- 
for-feature  price  tag  of  any  30  by  30 
inch  plotter  available  to  industrial 
and  commercial  users. 


Marketing  Department,  at  Milgo 
Electronic  Corporation,  7620  N.W. 
36th  Avenue,  Miami,  Florida  33147. 
Phone:  305  691-1220.  TWX;  305 
696-4489. 

•U.S.  Patent  No.  3,120,214. 
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Sixth  SID  Symposium  Features 
Four  Top  Display  Experts 

20  Technical  Papers  in  4  Sessions 
Include  six  "5-Minute”  Offerings; 

A  Ladies’  Program  Is  Introduced 

New  York  City,  Sept.  29-30,  1965 


New  York's  Commodore  Hotel,  42nd  St.  at  Grand 
Central  Station,  is  the  scene  for  the  Sixth  Nation¬ 
al  Symposium  of  SID 


Brig.  Gen.  A.  T.  Culbertson,  USAF, 
Commander,  Rome  Air  Development 
Center,  New  York,  will  deliver  the  key¬ 
note  address  Wednesday  morning.  Sept. 
29,  prior  to  the  start  of  technical  ses¬ 
sions  of  the  Sixth  National  SID  Sym¬ 
posium. 

Other  speakers  at  the  2-day  meeting 
include: 

John  Sullivan,  Dean  of  the  School 
of  Business  Administration,  Florida  At¬ 
lantic  University,  a  new  school  designed 
around  the  use  of  Information  Display 
as  an  integral  part  of  the  educational 
program.  He  will  address  the  Wednes¬ 
day  luncheon  after  an  introduction  by 
MC  .Ford  Brown,  Symposium  General 
Chairman. 

E.  J.  Stockwell,  of  NASA’s  Office  of 
Tracking  and  Data  Acquisition,  will 
speak  at  the  annual  banquet,  Wednes¬ 
day  evening.  He  will  be  introduced  by 
Bob  Klein,  Chairman  of  the  host  Mid- 
Atlantic  Chapter. 

Hal  G.  Davis,  North  American  Avia¬ 
tion/Space  &  Information  Systems  Divi¬ 
sion,  Downey,  Calif.,  will  address  the 
Thursday  luncheon.  He  will  be  intro¬ 
duced  by  Carl  Machover,  Program  Co- 
Chairman. 

Site  of  the  two-day  meeting  is  the 
2000-room  Hotel  Commodore  on  New 
York’s  42nd  Street  between  Park  and 
Lexington  Avenues  (adjacent  to  Grand 
Central  Station ) . 

Technical  Sessions 

The  technical  sessions  on  Wednesday 
and  Thursday  morning  and  afternoon 
will  all  be  related  to  displays  but  will 
cover  broad  areas,  including  systems, 
display-computer-user  interface,  as  well 
as  physics,  electronics,  optics,  photo¬ 
chemistry,  physiology  and  psychology  as 
they  are  applied  to  information  display. 

Some  of  the  papers  submitted  cover 
applications  of  photochromic  materials 
both  inside  a  cathode  ray  tube  as  well 
as  ultraviolet  excitation  in  air. 

Laser  display  applications  will  be 
covered,  as  well  as  a  variety  of  electro¬ 
luminescent  display  techniques. 

There  will  be  papers  describing  the 
use  of  color  in  large  screen  and  other 
displays,  as  well  as  storage  systems  for 
color. 


Electronic  and  computer  systems,  to¬ 
gether  with  alpha-numeric  character  gen¬ 
erating  systems,  will  be  discussed  as  they 
are  applied  to  graphic  arts. 

Applications  of  information  displays 
in  business,  management,  automatic 
checkout,  as  well  as  space  vehicle  con¬ 
trol  systems  will  be  covered. 

There  will  be  descriptions  of  work  on 
a  number  of  display  system  components, 
including  special  cathode  ray  tubes,  cir¬ 
cuitry  and  switching  systems. 

Included  in  the  technical  sessions  will 


be  a  series  of  five-minute  papers,  an 
innovation  at  technical  symposia,  that 
promises  to  provide  more  information 
in  less  time. 

Symposium  Committee 
Ford  Brown,  President  of  Photo¬ 
mechanisms,  Inc.,  is  the  overall  Conven¬ 
tion  Chairman,  and  he  has  chosen  a 
well-qualified,  hard-working  group  of 
chairmen  responsible  for  specific  activi¬ 
ties.  Sol  Sherr  of  Sperry  Gyroscope  is 
Vice  Chairman. 
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E-Idruund  Ki'iuuriLy-.  nE  Mi»nr-  An  I  3i- 
velnpmctn)  tli'tiirr,  is  die  Papers  ('luiir- 
inun,  Pmgroni  Co-tbiiirmni  arc  WiHkm 
Belike  of  RADC  tuid  Curl  Mndtvw 
of  Infiir  ii  Dirpld^  I iif.  The  Ex- 
liibiK  mu]  Equipment  Show  use  being 
(.-(xjniid.'.lrct  hv  fshciir.in  Ellunucridi.d  i>J 
I'miicIii',  Rims,  J-luili'v  sum]  Smart.  I’r.iiik 
Maxim.  uf  I'riuJf  Aw-Mtiulcx,  Ini1.  »  [lie 

Ex[Ki\itinfi  M.bikn^er. 

FatiNties  flhjinnan  rt  Charier  Em- 
meit,  <>r  CHS  Laboratories,  Ilartwi  Price, 
oF  Ph&o  Crtiporsith'iw,  fis  CbuJnmm  of 
Elf  u.:sl  i  .1 1  ii  M  i.  Ilcilry  Oppc'idiciiucr,,  of 
( 1)S  J...li"i.ili;'ii<  '.  is  the  Fm.iiiri;i]  Clinir 
nun. 

PiilithiEy  mid  I 1 1 1  - 1 1 ■ . 1 1 >  1 1 , s  ( 'li.unniin 
is  Ciiretini  HLirmiighx,  nE  f Initial  JiLia1- 

KKIghi  GujsiireCRii'g, 

A(tv ante  rfhgBlr-nlJMi  forms  and  ,1  pre¬ 
liminary  pwflp  ,irn  Fia<.e  lootn  inalletf  <?n  t. 
Lot  .uklilMiiMil  frdwince  rCgiitratuHl  Fumii 
can  l.ii1  ubl.iriei  I  fi-swn  IllirUai  Prire, 
Hiilfu  CurfKinitMKi,  JjtJOU  ’lil'irlsli  IIijskL, 
Willi™,'  CriHc-.  Frruixvlv.mia  JHDWEJ 
(Tf-lf-phriuo  fSES)  OL  0-7TOO3.  Any 
cither  bifocal  a  tion  ran  bo  (ibrauuil  front 
Ford  Ibwn,  PhotomccFuifllsnus,  lnc„  I  5 
JHepar  Pljicc,  Huntington  Station,  L.t., 
New  York  {Telfplicqio  {5M5>  HA 
T  ill  I ). 

Attracts  of  Addresses 

C<n.  (lullrerLunn's  ccinim.iiu]  nii  litciir-s 
ihc  intspswi.^i  bilily  iar  HAD  of  ( I  i  spire 
devices  ;i.ltmvi  a  very  brand  nrra,  for 
Air  Foret*  use,  Ari  autracl  enf  Stix  key¬ 
note  idcliKi  Jtilbwi: 

"We  mkwi  to  have  rcM-heit  a  levebng- 
off  period  Jn  lecfirmkijry.  Wa  have  in 
the  pa^t  llirr-e  LM  four  detnixlei  been  ap- 
pliLvtticicis  mini  led.  Lillie  tutiri:  reidur-li 
lias  bren  rkini‘  within  mtenl  tune. 

“I?  is  evciIntLim  in  science  which 
hnceds  what  wrnii  tike  lrc-kiu»1i>icic*Jil 

reWlLUirai;  In  the  lay  row-  Ciujividuol 
invemiKHtrat.  rackl  working  in  ha  ntur- 
icnv  ate  a  of  specially,  laboriously  pile 
stone  upon  slone  of  stJeutiTlc  kiKnvktljje, 
Finally,,  ail  investigator  willi  an  invert- 
live  turn  of  iiiniil  sees  the  form  of  the 
structure  ilcvekiping.  nchlx  a  fptv  deft 
troiebrs,  ami  the  completed  pyramid 
talers  shape.  ’Elic  arer-iRC  pervxrn  sow 
the  complied  pyramid  the  cd«rti-fic 
ravolutloni  ho  does  not  cousider  the 
piling  up  of  die  imtlK'rilunF  sUmci  Thus, 
to  build  a  pyramid  atjirttetK  ing  a  Iccb- 
iiologkii]  hrrak  ihruu^li,  'fe  need  both 
the  itoni-  ina.iniss  1o  pihi  sSorie  ii|nin 
ilrinr  and  ftie  .iTfliiteel.i  (o  reali/f  that 
mulish  ilMi ii  c  ore  imulahle  to  .ii-auntdr 
the  completed  sinidiLTc- 

"Porhitpn,  it  is  time  to  imp,  ot  divert 
more  of  otn  efforts  From  'flpdrcstJoa'  to 
'thesny  jimI  NperEmeitt1.  Through  tJic 
ii.|i  ifMiuii  of  Ihifl  iLppitKH'h.  W,  iri  like 
display  area,  may  progress  ln’vOird  rvoln- 
Lionajy  .a  Ivan  n  s  and  realise  a  Indy 
TFvntnlimiaiy  breokthrciuyh." 

I3r.ni  Sidln.Mi  will  discuss  the  nerd 
Inr  and  mlivinta^i's  of  ulili/.inj“  tlie  naosr 
U 


forward  technology  avail  J  ib'  in  MhUiir 

tiroi  today-  An  alulraer  I  Eiii  luiicImMi 
address  follows; 

“Whth  I  he  Increasing  niunlwr  of  stu. 
denis  etilcring  college  paid  ihc  I  set:  «f 
a  HUittpHAlklg  iltOfHH*  ip  the  mm  her 
(if  .iilcsji lately  trained  tO;W‘lhces  lor  col¬ 
lege.  new  leiMdiiibg  rnutlicKb  must  1>£  Uli- 
pqvorwl  and  exploited.  The  lOr  of  ilfl- 
Eonnalirm  (lisplnys  For  liighar  cilicealiuii 
Iwcomes  obvious.  P’lnridn  Alliuvtic  Uni¬ 
versity  ta  ptmicoriny  ro  this  jerii,.  Pen ► 
gTiuns  in  lusinesa  AdroiodstrotfoB,  ^ieh 
as,  M.a  .aaeniei'it  Planning,  Computer  la.- 
st  met  Eons,  etc.  lie  prepaiOtl  otl  video 
(ape.  LintilfsJ  use  uf  thu  teehniqiie  Foe 
foreign  Isogiutge  iiistnictHni  has  been 
.Jtitupled.  The  results  of  this  program 

witl  be  pre^c*rtccl■,' 

Mr.  Stodnnll,  presently  «  Staff 
Scientist  with  the  XASA  -Office  of  Tniclr- 
mg  and  Data  Ajei'piisitinn,  is  Fnvid  of 

.Vfmroed  S|Mlv  Nutwork  Operations.  An 

.ihs-lTruC  of  his  Isnrirplfit  adetreii  fullovkS: 

"The  Count  it  noMi  TJfl  rrJhrf  JMd1- 
uiff  To  the  average  cftiMni  who  lui 
[u3t  been  iiifurroUtL  On  TS'  trr  radio  of 
tin-,  situation,  it  is  just  words  tid  mun- 
berT.  At  this  stage  in  twir  Aero'qincr 
rtnpanv,  they  nr-c  oducfitcd  enough  to 
know  thait  it  ts  goirg  to  be  30  more 
mimates  until  hunch;  that  is,  ihay  think 
it  wdl  be  30  minutes  because  the  ivnrot- 
th'rtyii  clcnd:,  unlike  llie  Ordinn-ry  ^Linn 
clock,  ran  stop  and  go  without  pracc- 
deut.  {Ohvimisly  invciitcd  hy  ft  show¬ 
man  ji»d  with  m  sole  purpose  oE  build¬ 
ing  up  tetkslimi  aiitl  interest.) 

"T3k**c  sets  of  imintters  and  all  inl- 
tiiiuLioii.il  vniiv  lea  in  up  in.  il:e  itrarige 
ritual  nf  couiilinv  backwards  uiilil  at 
last  the  L-lix'lc  srrikes  and  the  <<iunl . 
down  is  eitdnl  in  a  tiivry  rjjec  l.:i  le  os  thr¬ 
ill  mob  vehicle  'ilnwlv  tills  off  the  stand 
iumI  then  ptek  ing  up  speed,  rapidly  moves 


■ml  of  light  into  tbe  hcAwn,  And  tluit 
is  all  there  is  to  It  -  to  the  layman, 

"Ycry  few  laymen  know  the  real  pur- 
p>  i-j--  of  the  countdown  or  juil  how  the 
countdown  is  cairiutL  out.  My  talk  wilt 
attempt  tu  dcinunsLrate  that  lire  count, 
down  is  a  carefully  developed  procedure 
of  prcpaia’inii  Inr  I, Lunch  usd  her.nnr 
uf  its  iim-.riislous  hnportanrec  So  the 
suer™  nf  the  Inniieh  program,  the 
countdown  should  Ire  Iwttei  undetriaotL'1 

Mr.  Davis  b  currently  Manager  of 
Data  Systcans  AiMlysis  in  the  Informa* 
tlOli  Systenu.  Div.  uf  \AA  H.ESJ5,  with 
responsibilities  in  many  current  and  fu. 
lure  dot  rax  uf  display.  Au  nhstrac-t  of  his 
luiicbeon  address,  ”A  t  As  pi  ay  System 
fra  Management*  Follows; 

"In  recent  years  the  Spree  and  In- 
FnmiatimL  Systems  Divrsioit  cif  North 
American  Aviation,  Inc.  has  atlaiuud  .. 
llighly  d(^i'?-::.j5ed  skill  in  the  applica- 
SiOik  uf  ilixied-i  irc  uit  tehn  isirn  ■  In  man- 
.igriTirnl  rrannu  mfontionr-  Progm-m  pro- 
dnctirai  tr.ims  h-WT  udUzcd  tFie  Fulfy- 
diuip-ped.  c-ommcidiil  televlslofl  stand¬ 
ard  obtlc  vans,  studios,  mnluh-  receivers 
mid  transmitters  to  tene  prejects  ami 
Vi  - 1  .li— %  over  a  dispersed  i  vim  pies  n-uv* 
mug  1t>  miles  and  2AIF  nurh'Cs.  tndira- 
live  uf  the  usefulness  of  North.  Amcriertii 
Aviation's  COTV',  mrae  live  prngmm- 
ming  his  been  transmitted  ewer  the  30D 
miles  of  eibfjug  and  microwave  links 
than  has  occurred  on  miy  urtwnrl;  fkruad- 
C-Liifirig  111  the  past  yuan. 

“SlrcLUed  in  ilia  prcseul alinn  will  he: 

( I )  Managemrut  co  mm  mu  sets  on  in  Urge 
urgariieuLinns;  fS)  Effect  nE  displays  111 
manrywmemt  ramrnunicatitms;  f 3}  Hovel 
applications  ret  NAA  that  coirtrilrtitt-d  t* 
(XnVi  success  in  management  com. 
munkatSofiB:  and  f-f}  Summary  of  prev. 
f-n  uses,  pumdble  II.W-S  and  implied 
baaliularim  fur  ore." 


Invitation  to  Symposium 

Please  accept  my  personal  invitation  to  participate  in  the  S?*th 
National  Symposium  ol  Ihc  Society  for  Information  Display,  My  first 
attendance  af  the  Society  stemmed  (rain  such  a  personal  inflation, 
and  J  Ihirtk  it  only  fitting  (o  pa&s  it  on  to  you,  F  am  sure  that  your 
participation  af  this  Symposium-,  whether  d  be  a  repeat  altentlanee  or 
one  for  the  first,  time,  wiU  hove  a  most  satisfying  and  professionally 
eftholirng  efiect  on  ydur  life. 

The  international  situation  Of  today  tends  to  foreshadow  such 
activities  as  these.  However,  none  of  us  should  forget  that  the 
display  industry  we  represent  is  a  vital  tool  Scr  national  defense  and 
preparedness.  There  is  not  one  major  defense  system  or  defense  in 
Stall  at  ipn  in  t  hag.  country  or  ahroad  that  does  not  depend  in  one  way  or 
another  on  Jnic fixation  display,  i  think  rt  is  our  responsibility  to  eoim 
tirvut  to  OKpocfite  the  long  term  atfvancemonl  ol  thd  ioformali&n  dis¬ 
play  industry  if  lor  no  olher  reason  than  to  contribute  to  the  prepared- 
ness  stature  ol  the  Unrtod  States.  I  will  be  rooking.  1or.va rd  to  seeing 
you  at  I  he  Symposium. 

/h'n  iRr. f.-'i(iN 
NAIJONAL  PRESIDEN1 
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Welcome 

The  Mid-Atlantic  Chapter  is  looking  forward1  (0  I  he-  OppOrtun  iJy 
of  welcoming  all  BID  members  to  New  York  for  the  Sixth  National 
Symposium  of  the  Society  for  Information  Display. 

This  meeling  comes  at  a  time  when  public  awarencs-s  ol  the  reed 
for  ntormation  management  and  display  are  appearing,  not  only  in 
technical  publications!  Pui  in  daily  newspapers..  Sunday  supplements 
(!i$CuS$  electronic  computers  and  their  effect  on  everyday  life,  Brinks, 
businesses  and  universities,  as  well  as  1  he  military.  are  employing 
computers  in  ever  increasing  rates,  and  *ith  them,  the  mart' machine 
interface  devices  which  conshlule  display  components  and  systems. 
Every  day  presents  new  challenges  to  our  technology. 

In  this  environment  Of  growth,  new  app  beat  ions  and  new  rdeas, 
the  forthcoming  StD  symposium  represents  a  wonderful  opportunity 
for  all  Ol  us  to  got  together  again  to  compare  concept,  exchange 
views  aid  explore  the  Future.  'iVe  are  looking  forward  (0  sharing  it 
wilh  you. 

{?,  7K.(-e&t 

Chairman 

MiD-iULANTte  (HOST)  CHAPTER' 


Technical 

Program 

Four  lwluiic.it  .sraxinns  .ire  planned, 
tivu  fjcli  iluy.  at  which  a  trrt.nl  of  20 
pipm  are  In  lw  offeTClL 

Sr.««oN  5  is  composed  of  si  series  of 
cis  5-mlmite  "■Qulclde"  papers  (an  hi- 
IWWtton)  to  be  presented  in  just  90 
ijiii'iitc'..  1  hey  cover  ,l  variety  uE  sob- 
fctf*.  Chairman  is  'tluim.is  T.  Cold  smith, 
FuirdUH  Camera  &  iratnimnit  f’wp, 
f^Eftrsoi.,  N,Jr 

SuKsioff  IE  will  tover  the  sot-idted 
"haul  sciences”,  plijsics,  cheniiliy  and 
their  myriad  mi  I  ■>  Ls  imuiis  .ii  1 1  Lxwikhni:i 
turns,  such  a.s  cliStii.imLS,  optics  . l 1 1: d 
phutix  hnnertrs .  ( Zhnirinim  is  t.icnrK.e  EE. 
{ jnflins,  EMM,  KinluIivil,  X  V. 

Snwycire  HE  will  feature  the  "sort 
H-tcnces”  piLi,s.-|w)in|j!j  .jihI  ph  ysiotegy,  in¬ 
ch  nf  mg  p-sycbfiipbystes,  tnurenalkn  In.uu- 
Elm  add  pCirtOmiL'i  hazard*.  CJiaiimian  i 
Curl  Silver.  Franklin  Institute.1,  t'hil.L.. 
Fernt. 

Si-.'- mi  i\  IV  svill  di'.d  with  systems 
«i«u»  mid  rut,  including  cVjsIny/cwn- 
puter  user  interface,  progmranilng.  and 
upti  ilif  applications  Chairman  is  Edith 
IkuriLmi,  Data  mid  Infomuitimi  Svste'iii:s 
Dfvtdon  of  ITT,  Parosmia,.  N.J, 

Fapers  it i  be  presented  at  tire  *’unifl*Lis 

Ht'Muiiin  include: 

Session  1 

Sripfir-sfum  j\w  tin  On-Lint  Drt- 

ftiaifr  by  Theodor  H,  Nelson,  Vamr 
Cnllejje,  JPonghkejwie,  N.Y, 

AliSTRACT:  A  simple  and  nu'V|MTi 
sis'v  Fhaitle  unt[nil  device  is  (Lem ribrd. 
Ji  Would  ini'  pins  in  n  drum,  mill  rc- 
i|i lire  lilllc  [unwer,  A  leedbock  device 
nihmns  the  computer  of  ihc  render's 
progress,  md  display  si  modified  nt- 
iiirdinuh'  The  displny  yvsoulcl  hold  about 
Ji-.lr  tine:  of  type,  though  this  cmild 

lie  varied.  Using  standard  ti.  li.lsjX:  code 
and  plmiit  Itnes,  M  could  be  lunukeil  tu 
ii  remote  data  ret  fnr  from  Chr  Lumjiutct. 
multiple  Minis  imilil  tie  cosily  tiine- 
sfi.ii  ret  fmin  ll  xinije  cninpnrrr.  Jssvi;n- 
li.illy  iV  dev  Lee  would  substitute  ■quick 
Ti:s[XHi.st-  bur  L.EJK-  display  area, 

ISecjiisr  live  actual  displayed  urea 
wim  Id  lac  small,  unusual  sciliwurc  is 
required,  by  which  the  wmipuler  may 
continually  modify  flu:  display  mi  iV 
b  ims  of  tfie  iisulcr's  jiinsTnu'iiIs.  ‘I  lie 
jFru^nmi  must  use  render  feedback  tu 
LTinini!  b.itX  s.|3.is  iiifj,  h  ie  .Mill  p.ii'e  loir 

svaril  cM'jijiinij.  and  jiipK.  Other  ■oft- 
wara  must  bicilii.ite  Immcstuji;,  nnct  pro- 
vule  mdews,  jnoehntjty  shilt  (to  sum- 
miirios  ur  footnotes),  and  iitFommttak 
cns-lmmoily  curried  by  such  cites  as 
part*.'  pusllioit. 

lUICOMAllON  oiseiiir.  STPrEViMH  OCIOMR.  I«5 


bus'll  a  device  mi^ht  nstifce  ihe  iut'I 
for  Ifraille  bnnl  L-upy,  mid  ]>i.t  the  hliinl 
svilhisi  ii»iiHslin(e  pencil  nf  all  the  hooks 
tFi.Lt  3i.isr  liee-iL  i!iy  i.i’ll'L'  nororded.  * 

i\Scv.'I rahtminrf  Csnf  Firtorial  S  t  ti  l  m 
Dhjtfarfi.  by  John  S.  Fiost,  spcc  iakst,  ic- 
si-.iiiJi,  Ai itru II- : u  a  Division,  Nnrt]i  Anii'r. 
Cenn  Aviation  Enc.,  Anaheim,  €it, 

AHSTRACT:  Strliii  diqitaya  lire  a 
iMuirrmpiit  io  vehdntlru  operndou  to 
indknTv  the  f undfoii  !ng  oE  comple*  sub- 

systems,  Cunenl  skitus  depUss  usually 
consist  of  a  cluster  of  ga|}es,  *Uppfe- 
n  1C  riled  bs  ncEsdsorv  riloiiii.itioii,  utilix- 
i.ig  II  h.'  EecFn  liijue  oi  lI  liiiuinaEL'iL  areas 
■  i  n-:3  ;n  usiiip.ii  iii'il  l>y  a[ipiii]irrnle  lio^ 

Eish  lrmjflsi[ce  or  mmwric  1dm  ii  fieri  Non. 
Ohsrrver  respond  In  this  type  of  pre- 
Bfimntlon  ncv|iii|rcs  several  sfisites,  incliad- 
m  ii  hciui.  synthesis,  perception  and 
action. 

Many  statics  dispLivs  ton  1m-  daSWii 
In  |>ictorial  form  v.itli  the  ohject  of 
I'rdi.iiiciurt  tlie  ofisi'isei's  recEiytnitimi  nE 
mid  ne.sfKMisi'  Em  trii-  I'Eisninji  .litiml  inn. 
fscvernl  types  of  pictorial  status  displays 
have  iseem  cxmitnicted  showiiin  sfynied 
vmkn  oE  real  world  situntioos.  Eloc- 
tnohmlrM«efice  Inis  t-een  titifbnd  in 
these  displays.  I5y  selective  eleclroelc 
deiXisitiim,  KHrpJex  shapes  iimv  be  gen- 
prated  hy  simple  imi  oil  select  hint,  dim. 
affonEinj;  itnlimitnl  Flesibility  in  srlr-e' 
tdmi  of  die  mil  put  display  faramt,  3Y)  ‘ 
immic  FrtEorm^tion  (Incltichus  iliosory 
nbotfnn)  {-u»  lx?  presented  by  stroiftbt- 
fotwatd  switdiing  techniques. 

IniEiid  evolu.it ion  ]y,is  shown  the  Fk- 
tuninl  Status  Display  affords  a  significant 
ridturinn  in  the  elect rk-jl  complexlly  of 
thr  mmputw  display  in  Utifiiew.  Furllier 
testUUrt  is  rdpiircxl  tu  dctemiine  llio  ii'la- 


tioiishiji  helwem  irepenentaEive  pfctoriid 
-l.itus  dbpkys  and  observevagxrainir  ef'- 
heiency.  * 

FaatltimiMtto,  FQm  ur\rf  FO]  FJVou- 
phufi  Don't  Mix,  hy  IE  F,  Field  and 
K.  II.  Ale ui.  Cunirwi  Scientific  Inc., 
S.ii  i  Dirf^i. 

ATTRACT;  TV  P-Il  pboaphar  is 
tlie  imi  si  widely  usxd  phospbw  for  CRT 
film  recording  hd.-|  OSC  l!  has  die  high¬ 
est  photographic  efficiency.  Many  mat 
in  this  field  ate  faced  with  the  pml], 
kail  of  IlflVf  lo  measure  llu:  I IltFiC  nut- 
put  from  i  P-il  pEi.isphnr.  Tr.uihtioiiiilly 
lliis  has  been  done  Lit  terms  nf  fixitlarit- 
lwds  svitli  a  jibulonuHer  lh.it  has  il  spe¬ 
cial  rrsponxe  i  u  iti  Jiinjj  1  Jlh-  stiiocEmd  Zlii ■ 
man  eye  curvf.  T"his  is  Utl  HIHienu 
tmfmitpie  ami  should  be  abandoned.  For 
when  rnmr  than  one  plioto- 
sneter  is  itscci.  iF' ••  n i  m i <■  i  - 1  is  tin.'  rule. 

Tin1  ivuSOil  for  disartmenmnE  is  a  basic 
one;  all  uf  the  IMI  emcryiv  is  located  at 
a  lass'  and  slajjin^  pnrEitsci  i:-l  tV  blue 
skirl  of  the  ryxi's  rcvpnise.  Apparently 
iniitnr  v.uiatioos  in  the  photometer's 
mpmi  in  chic  region  can  ctntae  inulor 
diffemsccs  In  rentluifti  i?J  P-11  HUfett. 
Fn  fldcUdon  tu  Ibe  mstnuiimit-tn'inslru 
ment  vniiaEkma  causing  lack  of  torrrla 
tbtm.  a  nrirt1  scriuns  I’nianli ■rntinri  ss  I  be 
fnet  that  while  tfie  F  [  I  is  at  a  tins'  jxidiir 
(alxnil  -5Tf  of  llbr  ■cyeJs  peak  response,, 
it  is  at  a  maximum  for  must  lilms.  Ifcnce. 
sve  are  using,  line  sw*ig  tool  For  making 
the  meawtrefnent ,  AVe  shoufd  use  a  plm- 
tranetcf  whose  qxdtaJ  n-spunM'  inalctn.--. 
Mil-  firm. 

It  is  irgnCal  ill.  it  fiHilIjimlxTfs  sbotild 
in?  knigcr  Ek-  luseci  ns  tlw  basis  i?F  E:  I  ! 

I  adit  tin  I ;  a  it  ineasureiuents..  Ei  isle,  id,  cati- 
b  rated  I1. 1 1  sotin  i*s  nix  I  pfiutmnelets 
flint  nuiEi'li  chf  is  he  Y  speefraf  iC’S-isorisi.'' 


should  he  used  to  solve  this  problem 
facing  the  instrumentation  engineer  in 
measuring  P-11  light  output  meaning¬ 
fully  as  it  relates  to  photographic  film.  • 

The  Faster  the  Better?,  by  Carl  Silver, 
Franklin  Institute,  Phila.,  Penna.,  and 
Lt.-Col.  Ralph  Cruikshank,  U.S.  Army. 

ABSTRACT:  In  developing  a  display 
sub-system  to  support  information  re¬ 
trieval  and  processing  in  military  com¬ 
mand  and  control  systems,  there  is  a 
great  temptation  to  base  systems  speci¬ 
fications  upon  the  current  state-of-the- 
art  rather  than  upon  objectively  identi¬ 
fied  requirements.  This  is  especially  true 
with  regard  to  speed  of  display  creation 
and  presentation.  It  is  understandable 
that  this  temptation  exists  because  it  is 
ordinarily  a  matter  of  some  difficulty  to 
identify  display  users’  requirements  in 
terms  of  permissible  delay.  Such  analyses 
often  lead  only  to  the  conclusion  “The 
Faster  the  Better.”  In  considering  such 
a  conclusion,  it  is  useful  to  distinguish 
between  tactical  systems  and  strategic 
systems. 

In  tactical  systems  the  requirement 
for  speed  in  display  creation  and  pre¬ 
sentation  ordinarily  depends  on  the 
speed  with  which  significant  related 
events  are  occurring. 

In  strategic  systems  on  the  other  hand, 
the  permissible  delay  is  not  ordinarily 
related  to  the  time  sequence  of  events 
in  the  field.  • 


Batch  Fabricated  Computers :  The 
Challenge  to  the  Display  Field,  by  L.  C. 
Hobbs,  Ilobbs  Associates,  Corona  Del 
Mar,  California. 

ABSTRACT:  The  course  of  tech¬ 
nological  history  has  proven  the  im¬ 
portance  of  related  technologies  advanc¬ 
ing  roughly  equivalently.  Inevitably,  lack 
of  progress  in  a  particular  technology 
tends  to  hold  back  the  effective  utiliza¬ 
tion  of  related  technologies.  Alternatives 
will  be  found  and  the  offending  tech¬ 
nology  will  fall  by  the  way  side.  Batch- 
fabricated  electronics  and  the  new  com¬ 
puter  applications  they  will  permit  offer 
such  a  threat,  and  hence  challenge,  to 
the  display  field. 

Developments  presently  underway  in 
integrated  circuits  and  batch-fabricated 
memories  are  creating  a  revolution  in 
computer  technology. 

The  future  of  the  display  field  will 
belong  to  those  who  realize  the  dramatic- 
changes  underway  in  electronic  and  com¬ 
puter  technologies  and  concentrate  their 
efforts  on  the  development  of  compatible 
display  technologies.  • 

High  Contrast  Dark  Field  EL  Panel 
Development,  by  Martin  C.  Rader,  E.  J. 
Soxman,  and  G.  N.  Steele,  Sigmntron 
Inc.,  Goleta,  California. 

ABSTRACT:  None  available.  • 


Session  II 

Pliotocliromic  Glass— A  New  Tool  for 
the  Display  System  Designers,  by  Ben 
Justice,  Coming  Glass  Works,  Corning, 
N.Y. 

ABSTRACT:  The  announcement  of  a 
reversible  photoehromic  glass  in  January 
of  1964  by  Coining  Glass  Works,  gen¬ 
erated  a  great  deal  of  interest  in  many 
areas  of  application.  In  the  area  of  dis¬ 
play  applications,  photoehromic  glass 
is  unique.  Coming’s  silver  halide  com¬ 
positions  are  non-fatiguing,  light  sensi¬ 
tive,  erasable,  durable,  predictable,  re¬ 
versible,  exhibit  high  resolution,  and 
formable  by  most  conventional  glass 
working  or  finishing  processes.  Applica¬ 
tions  have  been  requested  involving 
darkening  and  fading  rates  that  range 
from  microseconds,  to  several  hours. 
Needs  for  optical  density  after  exposure 
range  from  0.3  to  4. 

For  many  applications  there  are  two 
methods  for  influencing  the  “natural" 
behavior  of  photoehromic  glasses  —  the 
control  of  temperature  and  the  use  of 
optical  “bleaching”  radiation. 

It  is  possible  to  impress  information 
on  photoehromic  glass.  This  information 
can  then  be  read,  projected,  stored,  or 
written  and  erased  thousands  of  times. 
This  paper  will  describe  this  unique  sys¬ 
tem  and  relate  its  important  properties 
to  display  applications,  including  a 
demonstration.  • 

The  Laser  Display :  A  Large-Screen, 
Real-Time  Display  Technique,  by 
Charles  E.  Baker,  Texas  Instruments, 
and  Anthony  D.  Rugari,  Rome  Air  De¬ 
velopment  Center. 

ABSTRACT:  Development  of  the 

laser  as  a  practical,  continuous,  co¬ 
herent  light  source  has  opened  the  way 
for  a  novel  and  promising  new  approach 


to  a  large-screen,  high-brightness,  high- 
resolution,  real-time,  projection  display 
technique.  A  feasibility  model  has  been 
constructed  which  operates  from  com¬ 
mercial  television  broadcasting  and  uses 
a  high  power  neon-helium  gas  laser. 
A  40-inch-wide  525-line  raster  is  pro¬ 
jected  onto  a  directional  reflective  screen 
to  give  a  display  having  between  5  and 
10  footlamberts  highlight  brightness. 

Considerably  higher  resolutions  are 
possible  and  the  availability  of  visible 
continuous  lasers  in  the  red,  blue  and 
green  portions  of  the  spectrum  now 
make  it  possible  to  design  a  full  color 
display.  It  is  concluded  that  this  tech¬ 
nique  deserves  serious  consideration  for 
some  of  today’s  most  pressing  display 
problems.  • 

Visual  Write-Erase-Nonstore  and  Elec¬ 
trical  Readout  Accurate  Tracking  Display 
Storage  Tube,  by  Phillip  P.  Damon  and 
John  Kolostyak,  Vacuum  Tube  Products 
Div.,  Hughes  Aircraft  Company. 

ABSTRACT:  A  display  storage  tube 
has  been  demonstrated  which  has  high 
tracking  accuracy  between  the  four 
functions  of  visual  write-erase-nonstore 
and  electrical  readout.  A  “light  pen”  may 
also  be  employed  to  enter  or  read  out 
information.  This  new  approach  may 
be  utilized  with  any  diameter  display 
storage  tube.  Features  are  simplified 
economical  construction,  additional  op¬ 
erational  capabilities  not  now  available 
in  existing  halftone  display  storage  tubes, 
improved  performance  characteristics 
and  simplification  of  system  require¬ 
ments.  • 

Thin  Film  Electroluminescent  Display 
Panels,  by  E.  J.  Soxman,  G.  N.  Steele, 
and  M.  C.  Rader,  Sigmatron,  Inc., 
Goleta,  California. 


Chairmen’s  Message 

We  have  made  a  sincere  effort  to  make  this  Sixth  National 
Symposium  of  the  Society  for  Information  Display  the  best  ever.  We 
hope  your  attendance  will  be  as  rewarding  to  you  as  we  have  tried 
to  make  it.  We  will  welcome  your  comments  or  suggestions  on  any 
aspect  of  this  symposium. 
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SOL  SHERR 
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Papers  Chairman 
WILLIAM  BETHKE 
RADC 

Program  Co-Chairman 

CARL  MACHOVER 

Information  Display  Inc. 

Program  Co-Chairman 


SHERMAN  BLUMENTHAL 
Touche,  Ross,  Bailey  &  Smart 
Exhibit  Chairman 
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ABSTRACT:  This  paper  presents  a 
review  of  past  and  current  research  ef¬ 
forts  on  the  development  of  thin  film 
electroluminescent  x-y  matrix  display 
panels.  Initial  development  of  a  28x28 
line  matrix  with  a  resolution  of  33  lines 
per  inch  is  described,  with  emphasis 
on  performance  variations  which  result 
from  changes  in  phosphor  film  thickness 
and  composition.  Variations  of  intensity 
of  emission  as  a  function  of  a  variety  of 
drive  conditions  is  discussed.  Suppres¬ 
sion  ratio  measurements  of  the  order  of 
10,:  are  presented.  Design  criteria  estab¬ 
lished  for  a  matrix  of  258x258  electrodes 
is  discussed,  and  the  performance  of 
such  panels  is  described.  Final  panel 
configuration  provides  an  active  surface 
area  of  more  than  90  square  inches  on 
a  single  substrate. 

Finally,  data  is  presented  which  in¬ 
dicates  that  the  drive  conditions  re¬ 
quired  for  the  emission  of  light  in  the 
20-100  foot-Lambert  range  can  be  adjust¬ 
ed  over  a  wide  voltage  range  by  proper 
selection  of  fabrication  techniques.  This 
can  be  accomplished  without  loss  of 
suppression.  Latest  results  of  current 
life  tests  will  be  presented,  with  a  dis¬ 
cussion  of  most  recent  data  available. 

The  work  reported  was  sponsored,  in 
part,  by  the  Joint  Army  Navy  Aircraft 
Instrumentation  Research  Committee 
under  Contract  Nonr  4509(00)  and  the 
Naval  Air  Development  Center  under 
Contract  N62269-2540.  • 


Limitations  on  High-Energy  Cathode 
Ray  Tube  Beams  with  Regard  to  Phos¬ 
phor  Life,  by  W.  R.  Elliott,  The  Boeing 
Co.,  Seattle. 

ABSTRACT :  The  extremely  high 

energy  of  the  electron  beam  in  the 
cathode  ray  tube,  when  the  tube  is 
employed  as  a  source  of  ultraviolet  ener¬ 
gy  for  exposing  Kalvar  dry  processed 
film,  presents  a  problem  in  preserving 
the  prosphor.  In  a  conventional  oscillo-  | 
scope  tube,  leaving  the  spot  on  one 
location  will  eventually  cause  deteriora¬ 
tion  of  the  phosphor.  With  the  beam 
powers  contemplated  in  this  application, 
allowing  the  spot  to  dwell  for  a  fraction 
of  a  second  will  cause  not  only  deteriora¬ 
tion  but  total  destruction  of  the  phos¬ 
phor  at  that  location.  The  possibility 
that  the  dwell  time  required  to  obtain 
sufficient  light  energy  to  expose  the 
Kalvar  film  may  be  greater  than  the 
maximum  permissible  time  thus  becomes 
a  major  problem. 

It  is  assumed  that  phosphor  damage 
in  a  cathode  ray  tube  is  a  result  of  the 
temperature  rise  of  the  phosphor.  Since 
most  phosphors  are  quite  inefficient, 
most  of  the  kinetic  energy  of  the  elec¬ 
trons  in  the  beam  is  converted  into 
heat.  The  temperature  rise  is  determined 
analytically  assuming  that  the  heat  is 
dissipated  by  conduction  in  the  glass 
face.  • 


Drop  it  in...  cinch  it  up 
and  start  wiring !  That 
simple  with  the  new- 
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featuring  three  standard  sizes  of  keyboard  matrix: 
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Mcthoftotesm  jFc-ir  the  Dcfinilio<\  of  a 
SjMre  VebAde  fynitin,  by  IV.  j.  Ambs, 
Tim  Boctaj  Col.,  Seattle. 

ABSTRACT:  NrjH  availably.  + 

Tire  Perception  of  Flicker  jn  Ctdhode 
fliTjf  Tu-M-  Dltplaytt  by  Rodger  Elmo 
TupmRr  ji.,  Stiombarg  Carbon  Cdirp., 
StiEi  J  Jiejjti,  ji  Division  of  Cdml  Dy- 
nnmEcs  Ctwv- 

ABSTRACT -  The  critical  firiirH]  frti- 
quoocy  {eff.F  of  flltlrr  in  CRT  displays 
was  SKperiinetitalJy  measured  urtdfcr  list 
cnndilltau  prevalent  in  injeiEiimtioii  tlis^ 
plrty  systems.  Much  [Hildirihcd  datflisnot 
yiiplicnhlr  bet-aust  CRTs  were  not  nswd 
and  the  humans  were  adapted  to  Stfllop- 
tc  visjkw.  wide  .in l^Ie1  Flic-fec-ring  fields,  or 
!"W  targels.  Apparatus  wuS  «il»- 

Ibufltd  trussisitinjj;  of  intftdmgHlile 
CRTs  With  seven  different  plumpliCiri 
and  rlediWlle  (SpiipflMBt  to  modulate 
the  CRT  beam  current  with  sinusoidal 
.uni  rectangular  pulse  signals  of  variable 
fnKliwncy- 

R^uills  iliu'.v  Eli  jit  tlic  eff  of  ;»  fi hi i  j <; 
pbor-humnn  system  is  reduced  SLitKStiim- 
liillly  below  trie  iff  nf  a  human  vJsiilil 

system  Bry  phosphor  persdriencA.  The 
KbliM  ability  of  phosplHus  Eu  reduce 
flicker  e.in  be  predicted  iVwil  ibcit  pur 


sisU'MtT  dundtrolkr,  b«t  q.oantii.alivu 
[I'n'iliLtimM  u£  off  cannot  bo  pnad*-  by 
cmoibijiinf*  mi  eS|>on«Vtlal  phcwphnr  !'iv 
pathetic  will]  published  human  fff  data 
Satan  under  different  eonditioHB,  TV 
pluMptiars  nutlced  its  order  of  lllCir  re¬ 
daction  of  eff  sue:  MS  f  greatest  reduc¬ 
tion  1,  P7  yellow  vuaiipcnicnt,  PI.  P3fl, 
PI,  P3I.  and  F24).  Tin:  F£fl  pheu^hw 
tested  inhibited  iwithef  the  nc petted 
n  <iiiLlimi  nf  eff  nor  ils  published  per¬ 
sistence-  tVu  significant  dliiWtnctt  in 
flicker  iieriejituni  wertt  Foiukl  nrn-nug 
the  three  obnven  used  in  the  jjuIh? 
nHKl  LliutKl  i-s.iii'rijnaiils.  The  apparatus 
Iind  tetfinkpoo  were  found  capable  of 
repeating  tfF  data  within  £  cps.  * 

VfwMrff  J'.Jltpffli/  Technbftif.i  in  Vehicle 
Stablttoition  mti  Control,  by  William 
KiiiMsi-ari,  Video  Systems  Engineerfriji 
Branch.  iVorrlen  DiV..  United  All  Waft 
rorponlini. 

ARSTHAfiT :  'Hie  iiitcci.Uiun  of  ve¬ 
hicle  Ll-jt'  iS  i  U  1 1 > 1 1 : 1 . 1 E j ! !■ ! I  illlO  IL  MUgfe 
pltlOi  l-.ii  display  has  Inn  rune  nil  occupied 
Men  In  the  field  of  instrumentation.  la. 
dfpcnkluTit  efforts  Hi  the  fiumnn  wncntHM 
hnvp  NiHi^rt  to  detcimire  nmn't  bc- 
U.iVKir  and  peiturjiioucu  for  ;i  variety 
of  control  invks,  and  luive  shown  tHe 


with  Netic  &  Co-  Netic  Magnetic  Shielding  Foils 

Space,  Time.  Monty,  Wflight 

Cuts  crs'ly  tfr  (my outlm*  . . .  wvriR  v*luab> 
limF  .jiid  mlfilmlElngwHibBsrrd  (oat- 

jAg;  Cos'S-  ttfeAl  far  sl>  «TdiOB  hBrS-to-ijsl'H! 
tompgiii^tSi.  T  iiEkr*s]*s  Irom  .002', 


ithtni 

n 


RsimAAtnily  Ftn-  jnr*alad  w«lic  ;|id  Oa> 
Nttle  .ii*  shach  msonortiva.  Aaft-fiseriive. 
Tr-rey  l-ii*  innunwabtfl  rr‘ii1'l*nr,  )*iAn:iric, 

I j.berilO«y  fl  no  eoTflsercifll  ums  demardini! 
iX'rrYi.i  nfiiit,  traubla  Irw  pj-ebetiion  against 
(!I4£A«|£  lidldi.  _ 


MAGNETIC  SHIELD  DIVISION 

F»rf*c1:lo-pi  Mica  t-omp*ny 

13SS  N.  ELSTOiy  AVENUE,  CNICAEO.  ILUNOIS  EOSSS 
t)rrriJWjtro#.S  Qf  P(flMJWNJL¥  effect fVE  MJiC  CO  wftre  MAC, iVf  ,-'C  sret't&'.iG 


Hlgh«r  d<Mllr  p«Asj>nJ  ■  r-  •  ir  jfrt 
raiBMiM  lni«<«.tllnn  .  ..  no^ailkilArlArla- 
tKifi . . .  b,-  Anclaslng:  rrflf  naS'r  j:  y  innuth™- 
n  .-ipbici-lS  A,  a.  £  C  In  n«1ieo«  Cp-N'>!  •:  , 


n 


^l'cIa  Eiuiir  &inrmi  C««J  H# 


types  of  tasks  fin  which  Ids  perfotmnnee- 
appnrai.'Fa.'a  Elic  Optiinum. 

T3ic  tesejccI]  deacTibed  in  tliis  paper 
ciLiiJiiijs.iCML's  Lcitli  the  Euuuaii  sciences 
and  instill  mentation.  An.i'y  I  it .  J  mtil:  h!l 
are  presmikd  u-liich  evtabliidi  I  hr  hi- 
let  ni  i.itii  in  n'qnirrinrntx  Mr  uplimiun 
rlruht  oonlrol.  Hww  roiniiiHiipts  ifdnn 
tlie  basis  Fftr  devdofmEirt  of  nr  inte- 
.Uiated  ctinticd  and  status  infotmation  de¬ 
ploy.  The-  behavior  of  tire  status  and- 

ciiiiiml  i  iiinmi  .iEkwi  xyuibofs  lil'idef  CiiTl- 
aux  flight  situations  it  iliKiiHiLal. 

‘1'ba  wink  irporlitl  hvai  lcm ill'  idl'd 
Iindrr  funding  hy  llw  JsiinE  Amty.Navy 
Abvnh  Instnifnenlfltiwi  R  e  s  e  a  r  c  b 
OANAIR)  PrOgnuO 

d'lxi  n:  A  $trt>fn-  of  Lnck?r  by  Paul  R 
h'ullw,  IjMr  S-iejllrr  Ink;..  Crartd  Rapids. 
Mich- 

iABSTRACT:  One  nf  the  diffici.h 
problenas  m  the  development  ni  prac 
tk-aE  etecimSumliiesccnt  iEE.)  displays 
is  that  of  switching.  h>  (lit-  develop 
i-ieiit  of  numerio  EL  display's,  cstst. 
weight  and  scanplvvity  of  Sivitcliilig 
c-mtld  l:c  iniumiirud  as  Eire  iiiiiiiIht  of 
d'splny  clrmcibts  ivnuk!  In-  nuuinii^c-d. 
Fat  fsjvrnpJe,  if  nil  nligits  tsiulil  hr  tlrn. 
crated  by  wf  of  seven  drmrrus,  thr™ 
hurinontal  and  fotir  vertical,  vdtlwit 
serknis  degradation  of  reading  tinM-  nr 
aocuracy,  this  v.-uuW  Ik  preferable  furon 
mi  engkiecring  sEivndpniut  tn  the  use 
oF  a  large  number  of  elements.  However. 
tbErc-  is  evidence  that  live-  seven  strata 
fumial  is  nut  iu  i.'.iiil read  aS  is  the 
man'  standard  uitC'S,  sueh  as  EllOSe  called 
out  hr  MIL  hTJ>  ■St'l'l.  An  enrpiiical  lest 
Lt'iN'S  was  ibndrrt.blteir  ta  mr.isiim  iFir 
time  anel  twetHWy  of  rcspaeiKE  tn  a  seven 
Slnjke  r,C.-  clispby  and  a  c-amp.ir.ihle 
Ught-einfUilig  display  which  uwrl  line 
ftuihrd  forrii  Foh1  Aiabw-  nunedc 

Aoessmcy  in  io.dbtg  IkuIi  types  was 
high  There  were  slijlhtly  mone  rrmr, 
initially  with  the  EL  ihiijiIjci*.  t  NHo 
ilatirtk-jL  slgntFicaneel  Hie  total  ae- 
cLii.icy  in  reaeling  EL  numerals  was 
W.533S.  IF  ilw  frrsl  Five  tiiaFs  wen  cmi- 
siderecL  leaning,  arid  fiiiniliuiiJhlfiOII.  trials 
nrid  wen  dropped  from  analysis,  the  ac- 
cciracy  □£  rending  became  11, l> 

was  eompnTablr  to  reading  the  regular 
numwals  witFi  which  suEijccis  h.ul  hml 
many  years  esperienw.  * 


Session  IV 

.WniVIfc  Cmnyiilrr-CmMtcd  Drip/ov 
Syrtcmd;  by  Paul  l["towttr.  Nfwtmnk? 
Dii'iaiuii.  Nurthrijp  Corp. 

ABSTRACT:  Tlie  |tni  rpese  of  (bis  re- 
[Kirt  is  to  discuss  seivral  Csmtpllter-geu  - 
rmicd  dk]>l»y  csmce'ptx  flint  appear  tft 
Ik;  suit.tlblc  fur  use  in  tactical  i:i[k' ratio  OS 
ceiiteir.  Tltc  rcpirni  dra's  not  present  a 
survey  «i  review  nf  data  diiplity  'slutC*- 
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of-the-art”,  but  rather  it  attempts  to  set 
forth  the  human  and  subsystem  require¬ 
ments  of  tactical  centers  in  general,  as 
well  as  some  that  may  be  unique  to  a 
particular  system.  The  display  subsys¬ 
tem  design  described  in  the  report  is 
within  the  current  state-of-the-art  and 
hence  could  be  available  without  an 
extensive  research  and  development  pro¬ 
gram. 

The  techniques  and  devices  needed 
to  readily  implement  the  mobile  display 
subsystem  are  not  available  in  large 
variety.  Tin's  may  be  attributed  to  pre¬ 
sent  “state-of-the-art”,  availability  within 
the  time  period  under  consideration,  and 
the  diverse  environmental  and  operation¬ 
al  requirements  demanded.  There  are 
many  characteristics  which  directly  in¬ 
fluence  the  choice  of  components  and 
subsystems.  The  display  subsystems  must 
be  meticulously  selected,  designed,  and 
tested  prior  to  field  us. 

A  conceptual  design  readily  imple¬ 
mented  from  “off  the  shelf”  components 
meeting  many  of  the  postulated  require¬ 
ments  concludes  the  paper.  • 

Alpha-Numeric  Generator  Operation, 
by  William  Dunn,  NAFEC,  Atlantic 
City,  N.J. 

ABSTRACT;  Not  Available.  • 

A  Stored  Program  Display  Console: 
The  Bunker-Ramo  Model  90,  by  R.  A. 
Koster,  The  Bunker-Ramo  Corp.,  Canoga 
Park,  California. 

ABSTRACT;  The  Model  90  Visual 
Analysis  Console  is  the  newest  in  a 
family  of  Bunker-Ramo  control-and-dis- 
play  devices  that  enable  users  in  widely 
differing  fields  to  communicate  directly 
and  extemporaneously  with  a  computer. 
Like  most  of  its  predecessors,  the  Model 
90  makes  use  of  keyboard  buttons  labeled 
in  natural,  problem-related  terms.  The 
two  most  significant  nett)  features  of  this 
console  are;  Stored  program  logic;  and 
combined  electronic  and  photographic 
displays,  through  a  fully  corrected,  rear- 
ported  CRT.  This  paper  will  discuss  the 
stored  program  logic  concept. 

The  advantages  of  the  stored  pro¬ 
gram  feature  are  flexibility  and  simpli¬ 
fication  of  hardware.  Most  of  the  char¬ 
acteristics  of  the  console  and  the  func¬ 
tions  of  its  controls  are  determined  by 
the  program.  Functions  of  the  console 
can  be  changed  in  the  field  without 
downtime  by  reading  a  different  pro¬ 
gram.  Since  there  is  less  hardware  than 
in  a  comparable  wired  logic  console,  it 
is  less  expensive  to  reproduce  and  logis- 
tically  support  and  has  higher  reliability. 
Less  special  logic  simplifies  maintenance 
training  and  maintenance  time.  • 

Computer  Graphics  in  Architecture, 
by  Allen  Benholtz,  School  of  Architec¬ 
ture,  University  of  Toronto,  Toronto, 
Canada. 

ABSTRACT:  This  paper  deals  with 
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the  use  of  computer  graphic  displays 
as  an  aid  in  the  synthesis  of  architec¬ 
tural  form.  One  of  the  major  drawbacks 
in  the  historical  process  of  designing  an 
environment  is  that  there  is  no  way  of 
pre-testing  the  effect  of  a  form  on  those 
who  will  experience  it.  There  is,  there¬ 
fore,  no  way  of  “correcting  errors”  in 
form  synthesis,  until  the  structure  is  ac¬ 
tually  built,  and  not  readily  susceptible 
to  correction  except  at  great  expense. 

Now,  using  computer-generated  per¬ 
spectives  and  other  three-dimensional 
views,  we  can  simulate  the  visual  exper¬ 
ience  of  a  projected  environment  under 
various  conditions.  By  generating  mul¬ 
tiple  views  of  a  form,  from  different  po¬ 
sitions,  or  successive  views  with  varied 
viewing  distances,  and  then  producing 
standard  or  animated  motion  pictures  of 
these  views,  we  can  simulate  the  visual 
experience  of  walking  through  the  en¬ 
vironment.  Moreover,  by  generating 
stereo  pairs  of  views,  an  illusion  of  real 
depth-of-space  can  be  created. 

To  test  the  effect  of  computer  graph¬ 
ic  simulation,  various  people  can  view 
the  film  produced  while  wearing  a  “head 
camera.”  This  device  records  the  actual 
film  and  at  the  same  time  superimposes 
on  it  a  small  spot  of  light  bounced  off 
the  retina  of  one  of  the  viewer’s  eyes, 
giving  simultaneously,  a  record  of  his 
visual  reaction  and  the  object  viewed. 
By  combining  this  computer-assisted 
simulation  of  form  with  a  computer- 
aided  analysis  of  the  design  problem, 
environmental  forms  of  consistent  func¬ 
tional  and  aesthetic  merit  can,  we  be¬ 
lieve,  be  produced  by  the  creative  de¬ 
signer.  • 


Problems  of  Management  Display  in 
Advanced  Business  Systems,  by  Sher¬ 
man  C.  Blumenthal,  Advanced  Business 
Systems,  Touche,  Ross,  Bailey  &  Smart, 
New  York  City. 

ABSTRACT:  In  traditional  computer- 
based  information  systems,  if  manage¬ 
ment  needed  a  new  or  changed  type  of 
report,  a  set  of  requirements  had  to  be 
developed  and  submitted  to  the  pro¬ 
gramming  staff.  Thereupon  ensued  a  de¬ 
lay  while  the  requirement  was  pro¬ 
grammed,  debugged,  computer  time 
scheduled  for  processing  the  necessary 
tapes,  and  the  output  finally  printed, 
decollated,  bound  and  distributed.  Man¬ 
agement  has  found  several  shortcomings 
in  this  state  of  affairs.  It  would  then 
appear  to  be  a  major  goal  of  an  ad¬ 
vanced,  computer-based,  information 
system  to  provide  management  with  the 
ability  to  communicate  with  it  in  an 
easily,  timely,  and  readily  understand¬ 
able  way. 

The  paper  describes  the  overall  re¬ 
quirements  to  be  met  on  the  part  of 
display  manufacturers  and  display  users, 
if  commercial  success  in  their  further  ap¬ 
plication  is  to  be  achieved.  These  re¬ 
quirements  include  types  of  equipment 
needed,  flexibility,  reliability  and  main¬ 
tainability,  cost  guidelines,  human  inter¬ 
action  considerations  such  as  ease  of 
use,  and  lastly  generalized  software  sys¬ 
tems  to  make  their  implementation  less 
costly  and  time  consuming.  Require¬ 
ments  considered  from  the  user’s  point 
of  view  cover  information  base,  func¬ 
tional  integration,  communications,  train¬ 
ing,  organization,  and  related  pro¬ 
cedures.  • 


Ladies’  Program 

On  behalf  of  the  Ladies  Program  Committee  and  the  members 
of  the  Society  for  Information  Display,  I  wish  to  extend  to  you  a  most 
cordial  invitation  to  join  us  at  the  Fall  Convention  on  September  29th 
and  30th.  This  is  the  first  time  we  have  planned  a  special  program 
for  the  wives  of  SID  members  attending  the  New  York  Symposium.  We 
hope  that  you  can  attend  so  that  we  may  continue  such  programs  at 
future  symposia. 

The  Ladies  Committee  has  planned  a  variety  of  activities  so  that 
your  visit  to  New  York  may  be  an  interesting  and  memorable  occasion. 
Among  these  will  be  a  visit  to  the  United  Nations  on  Wednesday  with 
lunch  in  the  Delegates  Dining  Room  and  the  Banquet  in  the  evening. 
On  Thursday  there  will  be  a  tour  of  Radio  City,  brunch  at  La  Fonda 
del  Sol  and  a  show  at  the  Radio  City  Music  Hall.  To  round  out  your 
week  in  New  York,  we  have  made  arrangements  for  several  special 
events  at  the  World's  Fair  on  Saturday,  such  as  lunch  at  the  Top  of 
the  Fair  and  reserved  admission  tickets  for  the  Ford  and  General 
Motors  shows.  If  you  wish  information  about  the  stores,  shows  or 
planning  your  own  sightseeing,  professional  advisors  will  be  present 
to  assist  you  at  any  time  Wednesday  and  Thursday. 

We  are  looking  forward  to  having  you  with  us  and  hope  we  can 
make  your  visit  a  most  pleasant  one. 

S Ba’iba’ia  JzBiown 

(MRS.  FORD  M.  BROWN) 
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Display ,  Nov. /Dec.  1964. 


Dr.  Herman  Graff 

Dr.  Herman  Graff  is  Director,  Applied 
Research  Dept.,  Research  &  Systems 
Center,  Librascope  Group,  General  Pre¬ 
cision  Inc.  He  received  his  BS  (1947) 
and  MS  Inorganic  Chemistry  (1950) 
from  the  University  of  Chicago,  and  his 
PhD  Inorganic  &  Physical  Chemistry 
(1954)  from  USC.  Earlier  he  was  a  re¬ 
search  chemist  with  Aerojet-General. 
Current  work  includes  performance  and 
direction  of  studies  in  chemistry  and 
physics  of  thin  film  solid  state  materials. 
Projects  include  development  of  image- 
retentive  display  panels  and  computer 
application;  preparation  of  high-bit 
density  arrays  of  selenide  and  sulfide 
photosensitors  by  chemical  deposition 
techniques,  measurement  of  the  sensitivi¬ 
ty  detectors,  their  use  in  tracking  systems 
and  analytical  instruments;  and  others. 


Frederick  N.  Ingham 

Frederick  N.  Ing¬ 
ham  has  been  an 
Associate  Engineer 
in  storage  tube  de¬ 
velopment  at  Elec¬ 
tronic  Tube  Div., 
Westinghouse  Elec¬ 
tric  Corp.,  since 
1963.  He  is  responsible  for  development 
of  new  display  storage  tube  types  to 


meet  customer  specifications.  He  is 
presently  a  candidate  for  the  MEE  from 
Cornell  University;  he  received  his  AB- 
Physics  from  Northeastern  and  worked 
as  an  engineering  aide  (1959-63)  with 
Raytheon  in  receiving  tube  design  and 
storage  tube  development  under  North¬ 
eastern’s  cooperative  work  program. 
WEC  projects  have  included  the  WX- 
5444  and  WX-30138  tubes. 


Richard  A.  Martel 

Richard  A.  Martel  is  Senior  Chemist, 
Research  and  Systems  Center,  Libra- 
scope  Group,  General  Precision  Inc.  He 
has  been  engaged  in  the  study  of  ma¬ 
terials  having  nonlinear  characteristics 
in  the  electro-optical  areas  and  in  the 
development  of  techniques  for  the  ap¬ 
plication  of  these  materials  to  display 
devices.  He  holds  the  BA  Chemistry 
( 1951 )  from  St.  Anselm’s  College,  and 
engaged  in  advanced  studies  in  Nuclear 
Chemistry  and  Nuclear  Physics  at  North¬ 
eastern  University.  He  has  engaged  in 
research  work  with  Hetherington  Co., 
and  Hughes  Aircraft  Co.,  as  well  as  at 
Librascope,  mainly  in  the  area  of  elec¬ 
troluminescence.  He  holds  two  patents 
and  has  six  pending  in  specialized  dis¬ 
play  devices  and  allied  areas,  nearly  all 
involving  electroluminescence. 


NOW  IN  PRODUCTION  I  light  measurement  problems? 

MATRISWITCH  ILLUMINATED  PUSH  BUTTON  SWITCH 

Available  with  connector  assemblies,  the 
new  Jay-El  Matriswitch  Illuminated 


CHECK  GAMMA  SCIENTIFIC 


Pushbutton  Switch  allows  com¬ 
pact  arrangements  in 
limited  space.  Meets  re¬ 
quirements  of  Mil- 
^  S-22885A. 

Available 

now. 


Only 

.75  sq.  in. 

4  PDT 

4  lamp 

circuits 

Removable 

legends 

Rear 

Terminals 


Applications  in-  V 

elude  F-lll,  C-141, 

Snap-8,  computer 
consoles,  ground 
support  equipment,  commercial  and  in 
dustrial  and  military  applications. 


Write  for  full  technical  information 


1859  W.  169th  ST.,  GARDENA,  CALIF.  90247 


Specializing  in  instruments  and  systems  for  light 
measurement,  Gamma  Scientific  combines  experience, 
innovation  and  craftsmanship  in  its  broad  line  of 
products,  including: 

Photomultiplier  Photometers 
Calibrated  Light  Sources 
Telephotometers 
Photometric  Microscopes 
Complete  Accessories 

To  get  the  latest  catalog  of  products  and  systems, 
contact:  Marketing  Manager,  Dept.  102,  Gamma 
Scientific,  Inc.,  5841  Mission  Gorge  Road,  San  Diego, 
Calif.  92120.  Specific  problems?  Call  collect  714- 
282-2178. 


ftl  GAMMA  SCIENTIFIC,  LYC. 
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Photorecording  Technology 

1.  SPSE  Symposium  on  Photography  of 

Electronic  Display  ( co-sponsored  by 

N.B.S.)  October,  1962,  in  particular, 

a.  A.  J.  Derr,  “Energy-Sensitivity  Re¬ 
lationships  in  the  Photographic  Re¬ 
cording  of  Electronic  Displays” 

b.  R.  W.  Tyler,  “Photography  and 
Photometry  of  Cathode-Ray  Tube 
Displays” 

c.  R.  C.  Eisen,  T.  G.  Veal,  R.  W.  Ty¬ 
ler,  “Photography  of  Cathode-Ray 
Tube  Oscilloscope  Traces” 
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6.  M.  Sadowsky,  “Cathode-Ray  Tube  and 
Photographic-Film  Characteristics  Re¬ 
lated  to  Film  Recording  for  Television,” 
J.  SMPTE,  Vol.  70,  pp.  81-84,  Febru¬ 
ary,  1961. 

7.  R.  W.  Tyler  and  F.  C.  Eisen,  “Emul¬ 
sion  Sensitivity  for  the  Photography  of 
Cathode  Ray  Tubes,”  Journal  of  the 
SMPTE,  Vol.  No.  4,  pp.  222-225,  April, 
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8.  F.  J.  Palazzo,  “Optimizing  Video  Dis¬ 
play  and  Recording,”  Cathode  Ray  Tube 
Recording  Symposium,  1959,  Dayton, 
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This  paper  was  selected  by  ID’s  Editorial  Advisory 
Board  from  those  presented  at  the  Second  National 
Symposium  on  Information  Display  held  in  New 
York  City,  Oct.  3-4,  1963.  Limited  quantities  of 
bound  volumes  of  all  technical  session  proceedings 
for  this  and  other  National  Symposia  are  available, 
free  to  members,  $10  a  volume  to  others.  Write: 
Information  Display,  160  S.  Kobertson  Blvd.,  Bev¬ 
erly  Hills,  Calif. 


Image  Instruments’  Electrostore  eOl  is 
a  single  gun  recording  storage  tube  sys¬ 
tem.  It  records  video  information  in  a 
geometric  array,  reads  it  off  in  the  same 
or  other  scanning  pattern,  erases  obsolete 
information  almost  instantly,  or  slowly, 
or  any  way  you  require. 

The  eOl  represents  eight  years  of  Image 
Instruments’  history.  Fifty  storage  tube 
systems  were  designed  and  built  before 
it.  But  only  a  few  of  those  are  so  special¬ 
ized  that  they  couldn’t  be  replaced  by  this 
simple,  standard,  inexpensive,  off-the- 
shelf  eOl. 

If  you  process  video  information,  or  store 
it,  or  scan  convert,  our  talents  and  ex¬ 
perience  and  singleness  of  purpose  over 
the  years  are  available  to  you.  Sometimes 
it  pays  to  go  to  a  specialist.  Ask  the  milk¬ 
man  where  he  gets  his  milk. 


O 


image  instruments,  inc. 

2300  Washington  St. 
Newton,  Mass.  02162 
617-969-8440 
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ID  (orrespondenie 


is  the  new 
low  price 
for 

the  world’s 
most  reliable 


DIGITAL 

READOUT 

INDICATOR 


It’s  true,  we’re  now  able  to  offer  for 
$1.00  ea.  the  reliable  Model  K-Indicator 
used  in  the  famous  Teleregister  stock 
quotation  board  since  1929.  It’s  worth 
investigating  and  even  designing 
around.  And  they  feature: 

■  Legible  characters  up  to  36  feet  — 
15/16"  x  5/16". 

■  Eleven  positions  —  numerals  from  0  to  9 
and  blank. 

■  Numeral  decals  affixed  to  nylon  drum  — 
driven  by  fork  and  star  wheel  mechanism. 

■  Electromechanical  —  resets  to  blank  be¬ 
fore  stepping  to  desired  position  —  no 
accumulated  errors. 

■  Plug-in  design  —  operates  from  0  to  25 
pulses  per  sec.  at  50  volts  dc  with  50 
ohms  series  resistance,  or  0  to  25  pps  at 
24v  with  10  ohms  resistance. 

For  complete  details  write  or  call  Frank 
Franco,  The  Bunker-Ramo  Corp.,  445  Fairfield 
Ave.,  Stamford,  Conn.,  PHONE:  348-4291, 


THE  BUNKER-RAMO 
CORPORATION 


Displays  categorized 

Editor 

Information  Display 
Dear  Sir: 

A  preliminary  effort  at  categorization 
and  classification  of  displays  is  present¬ 
ed  in  the  following  material.  It  is  hoped 
that  so  modest  a  beginning  will  serve 
to  stimulate  constructive  criticism  and 
thus  lead  to  a  more  formal  and  compre¬ 
hensive  treatment. 

As  a  first  step  in  limiting  the  area  of 
inquiry,  it  is  suggested  that  information 
display  devices  should  exclude  “emo¬ 
tion  evoking”  types  such  as  those  of  the 
arts  and  advertising.  Also  to  be  ex¬ 
cluded  are  the  quasi-emotional  types 
such  as  newspapers  and  magazine 
articles.  Thus,  attention  is  here  directed 
towards  displays  characterized  largely 
by  the  (visual)  presentation  of  selected 
information  which  the  viewer (s)  must 
study  prior  to  making  some  logical  deci¬ 
sion  or  other  consequent  action. 

In  the  following  sections,  information 
displays  are  considered  with  regard  to 
the  following  aspects: 

Usages  (level  at  which  consequent 
action  occurs) 

Manner  in  which  display  content  is 
controlled 

Source  of  information  (i.e.,  level  of 
data  processing  before  viewing) 

Display  format 

Physical  principles  (finally  a  look  at 
hardware) 

Physical  characteristics  (performance 
parameters ) 

Usages 

1.  Monitoring  —  No  immediate  action 
expected  of  the  observers. 

Example:  United  Givers  Fund  con¬ 
tribution  status  report. 

2.  Decision  Making  —  Action  may  be 
taken  immediately  through  some  im¬ 
plementation  not  tied  into  the  display. 

Example:  “Clock  watcher”  near 
quitting  time. 

3.  Control  —  A  feedback  loop  or  in¬ 
teraction  exists  between  the  observers 
and  the  results  to  be  displayed. 

Example:  Helmsman’s  compass  or 
automobile  speedometer. 

Controlled  Display 

1.  Viewer  Controlled  —  Normally  the 
number  of  viewers  is  limited  to  one  or 
at  most  a  few. 

Example:  Automobile  speedometer 
or  weapon  control  display. 

2.  Non-Viewer  Controlled  —  A  moni¬ 
toring  or  decision-making  device  of  two 
basic  types: 


a.  Briefing  officer  provides  control. 

b.  Wired  logic  or  computer  program¬ 
ming  provides  control. 

Data  Source 

1.  Direct  —  Transducer,  radar  receiv¬ 
er,  etc. 

Example:  Early  radar  displays  op¬ 
erated  on  “raw”  video  direct  from 
receiver. 

2.  Filtered— Noise  or  other  extraneous 
information  removed  by  some  sort  of 
filtering  process. 

Example:  Radar  set  with  Moving 
Target  Indication  (MTI)  feature. 

3.  Mathematical  Manipulation— “'Raw" 
signal  is  first  processed  to  generate  addi¬ 
tional  information  for  display. 

Example:  Automobile  speedometer 
takes  a  first  derivative  as  speed. 
Video  processor  takes  first  deriva¬ 
tive  of  radar  returns  to  provide 
track  course  and  speed. 

Format 

1.  Tabular  —  A  display  format  hav¬ 
ing  alpha-numeric  or  symbolic  content  in 
some  regular  and  unchanging  order 
(normally  in  rows  or  columns). 

2.  Reference  —  Such  information  is 
relatively  static. 

Example:  Map  grid  lines,  geo¬ 
graphic  outlines. 

3.  Graphic  —  Analog  or  digital  data, 
either  raw  or  processed,  is  displayed  in 
such  a  manner  that  a  variable  (e.g., 
position,  velocity  vector,  signal  strength, 
etc. )  can  be  inferred  as  a  result  of 
spatial,  luminance,  or  chrominance  dis¬ 
crimination. 

4.  Categorization  —  The  more  sophis¬ 
ticated  display  systems  include  a  vast 
quantity  of  processed  information  stored 
according  to  some  categorization  scheme, 
with  only  a  limited  amount  of  informa¬ 
tion  being  selected  by  category  for  dis¬ 
play  at  any  one  time. 

5.  Coding  —  Displayed  information 
can  be  coded  in  many  ways:  Spatial, 
luminance,  and  chrominance  discrimina¬ 
tion  used  to  present  graphical  informa¬ 
tion,  with  blinking  being  a  form  of 
luminance  discrimination. 

Letters,  numbers,  and  arbitrary  sym¬ 
bols,  with  further  coding  in  terms  of  size 
and  orientation,  as  well  as  blinking  and 
color  variations. 

Physical  Principles 

(A  look  at  the  hardware) 

1.  Cathode  Ray  Tube  —  CRT  phos¬ 
phor  surface  is  directly  viewed  by  eye. 

2.  Projection  —  Front  and  rear  pro¬ 
jection  screens;  light  source  may  be 
CRT,  film,  lantern  slide,  etc. 

3.  Panel  —  Light  source  is  essentially 
a  plane  surface. 
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Examples:  Electroluminescent  pan¬ 
el,  panel  of  light  vanes,  light  ampli¬ 
fier  panel. 

4.  True  3 -B  —  “Crystal  Ball”  display. 

a.  Rotating  panel 

b.  Oscillating  plan 

c.  Illuminated  interstices 

d.  Projecting  rods 

Physical  Characteristics 

(Performance  parameters) 

1.  Size  Limitations  —  Size  of  CRT  or 
projection  screen,  etc. 

2.  Brightness  —  ( More  properly  known 
as  luminance) 

3.  Ambient  Limitations  —  Darkened 
room,  polarized  lighting,  broad  band 
blue,  etc. 

4.  Response  Time  —  This  could  mean 
writing  speed,  frame  time,  target  up¬ 
dating  time. 

5.  Resolution  —  Ability  to  distinguish 
two  separate  targets  is  measured  in 
many  ways. 

6.  Updating  Capability 

7.  Hard  Copy  Capability 

8.  Symbol  Limitations 

9.  Color  and  Halftone  Capability 
10.  Storage 

Conclusions 

While  the  foregoing  attempt  at  dis¬ 
play  categorization  and  classification  is 
admittedly  incomplete,  it  does  serve  to 
shift  emphasis  from  the  usual  designer’s 
viewpoint  to  one  which  regards  a  dis¬ 
play  as  a  black  box  performing  certain 
functions.  Once  the  desired  functions 
have  been  determined  and  performance 
parameters  specified,  then  one  can  begin 
to  select  suitable  hardware.  Please  note 
that  this  material  represents  the  views 
of  the  author  only,  and  in  releasing  it 
for  publication  the  U.S.  Naval  Research 
Laboratory  does  not  necessarily  endorse 
the  contents. 

H.  G.  Talmadge,  Head 
Display  Techniques  Section 
U.S.  Naval  Research  Lab. 
Washington,  D.C. 


DIG  I  SWITCH®  THUMBWHEEL 
SWITCHES  VARY  IN  SIZE 
BUT  NEVER  IN  QUALITY 


Whitham  statement  challenged 

In  reading  the  article  The  Determina¬ 
tion  of  Display  Screen  Size  and  Resolu¬ 
tion  Perceptual  Limitations  by  Mr. 
(Glenn  E.)  Whitham,  (ID,  Vol.  2.  No. 

4,  fully/ Aug.  ’65)  he  makes  the  state¬ 
ment,  “The  equivalent  number  of  line 
pairs  is,  of  course,  one-half  the  number 
of  elements  or  raster  lines.”  This  state¬ 
ment  holds  true  for  a  chart  or  device 
which  actually  has  line  pairs  spaced 
exactly  upon  the  raster.  However,  if  | 
other  information  than  this  rather  limit¬ 
ed  item  is  displayed,  resolution  is  some¬ 
what  less  than  what  you  might  expect. 

A  figure  often  used  is  1.4.  I  trust  that 
Author  Whitham  will  be  a  little  more 
specific  as  to  his  intentions  in  the  future. 

John  Shaver,  PE. 

»  The  Bunker-Ramo  Corp. 

Sierra  Vista,  Ariz. 
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High  standards  of  quality  in  the  ma¬ 
terials,  construction  and  design  of 
DIGISWITCH  promote  reliable,  trouble- 
free  performance,  long  life  and  excel¬ 
lent  appearance. 

DIGISWITCH  Thumbwheel  Switches  are 
available  in  six  (6)  different  series 
offering  the  engineer  maximum  design 
flexibility.  All  are  panel  space  savers 
-  modular  constructed  for  simple,  in¬ 
expensive  mounting-human  engi¬ 


neered  to  increase  operator  efficiency 
—and  offer  extensive  coded  electrical 
output  capabilities. 

Shown  above  (actual  size),  are  MINI¬ 
SWITCH*— the  smallest  thumbwheel 
switch  on  the  market,  and  the  unique 
rapid-setting  40-position  Series  600 
DIGISWITCH. 

For  a  catalog  on  our  complete  line  of 
DIGISWITCH  and  MINISWITCH  Series, 
write  to: 

•Trademark 


THE  DIGITRAN  COMPANY 

A  Division  of  Endevco  Corporation 

855  South  Arroyo  Parkway,  Pasadena,  California 

Phone:  213/449-3110 

MANUFACTURED  UNDER  PATENTS  3.089  923  AND  0186  72  A  OTHER  PATENTS  PENDING. 
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PHOTOGRAPHY  CAPTURES 
TRANSIENT  DATA 

Huntington  Station,  N.Y., 
Sept.  1965— More  and  more  tran¬ 
sient,  CRT-displayed  data  from 
computer  readouts,  telemetry, 
etc.  is  being  captured  effectively 
and  economically  today  by  prop¬ 
erly  applied  photographic  tech¬ 
niques. 

Photographic  recording,  processing, 
projecting,  and  printing  offer  a  wide 
and  flexible  choice  of  techniques  that 
can  be  applied,  singly  or  in  combina¬ 
tion,  to  solve  any  problem  of  handling 
growing  quantities  of  data  that  moves 
too  fast  for  visual  analysis. 

Photomechanisms’  engineers  and 
photographic  scientists — now  deliver¬ 
ing  photographic  hard  copy  systems 
for  space  flight  applications — special¬ 
ize  in  systems  that  photographically 
capture,  store,  retrieve,  and  utilize 
transient  data  in  any  quantities. 

All  Data  Problems  Are  Not  The  Same 

One  application  may  require  speed, 
another  volume,  another  very  high 
resolution,  another  economy.  And,  of 
course,  many  applications  require  all 
these  and  more.  Each  requirement  can 
be  met  by  a  specific  photographic  tech¬ 
nique  or  combination  of  techniques  — 
properly  chosen,  properly  combined,  I 
properly  applied— by  a  specialist. 

Photomechanisms  is  unique  in  the 
field  of  photographic  data  processing 
because  its  capabilities  include  not  just 
one  but  a  whole  range  of  specialized 
techniques.  Indeed,  its  specialty  may 
be  said  to  be  integrating  specialized 
techniques  in  unusual  photographic 
systems  for  efficient  handling  of  greater 
and  greater  quantities  of  transient 
data. 


Shown  here  is  a  diagram  of  Photo¬ 
mechanisms’  DATASTAT  II,  a  hard 
copy  generator  that  combines  the  sen¬ 
sitivity  of  silver  halide  photography 
with  the  speed  and  economy  of  elec¬ 
trostatic  printing.  Chances  are  your 
transient  data  problem  needs  a  similar 
combination  of  techniques  for  an  opti¬ 
mum  solution. 

Write  today  for  your  copy  of  Photo¬ 
mechanisms  comprehensive  chart 
comparing  the  characteristics  of  photo¬ 
graphic  data  handling  systems. 


15  Stepar  Place,  Huntington  Station,  N.Y.  11746 
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Mr.  Whitham  submitted  the  following 
reply,  in  response  to  ID’s  request  for 
his  answer  to  Mr.  Shaver’s  letter.— Ed. 

Mr.  Shaver  is  indeed  correct  in  point¬ 
ing  out  that  the  resolution  of  a  line 
raster  along  the  axis  normal  to  the  lines 
is  degraded  for  arbitrary  display  subject 
material  to  a  value  less  than  indicated 
by  consideration  only  of  the  line  struc¬ 
ture.  This  resolution  loss  factor  has  been 
found  by  various  experimental1-  2-  4  and 
theoretical3  studies  to  lie  in  the  range  of 

O. 53  to  0.85,  with  0.7  a  good  nominal 
figure.  For  obtaining  a  given  value  of 
display  resolution  the  number  of  lines 
required  is  1/0.7  or  1.4  times  the  num¬ 
ber  of  desired  resolution  elements  along 
the  axis  normal  to  the  lines.  This  cor¬ 
rection  factor  is  commonly  known  as  the 
Kell  factor.  Further  discussion  of  this 
subject  was  included  on  page  10  of  the 
paper  by  Dr.  Luxenberg,  Quantitative 
Measures  of  Display  Characteristics 
which  just  preceeded  my  paper  in  the 
July/August  1965  issue  of  Information 
Display. 

Glenn  E.  Whitham 
Staff  Engineer 
Raytheon  Company 
Wayland,  Mass. 

1.  R.  D.  Kell,  A.  V.  Bedford,  and  M.  A. 
Trainer,  “An  experimental  television  sys- 
tem-the  transmitter",  Proc.  I.  R.  E.,  Vol. 
22,  pp  1246-1265;  November  1937. 

2.  A.  V.  Bedford,  “Figure  of  merit  for  tele¬ 
vision  performance”,  R.  M.  A.  Eng.,  Vol. 
2,  pp.  5-7;  November  1937. 

3.  H.  A.  Wheeler,  A.  V.  Loughren,  “The 
fine  structure  of  television  images”,  Proc. 

I.  R.  E„  Vol.  26,  pp.  540-575;  May  1938. 

4.  Baldwin,  ‘“Subjective  Sharpness  of  tele¬ 
vision  images",  Proc.  I.  R.  E.,  Vol.  38, 
pp.  458-468,  1940. 

P. S.  The  second  sentence  of  the  last 

paragraph  on  page  17  of  my  paper 
should  read,  “Situation  type  data 
displays  usually  require  a  resolu¬ 
tion  of  about  1000  to  2000  ele¬ 
ments  for  adequate  symbol  resolu¬ 
tion  and  differential  position  dis- 
criminability.” 


Information  requested 

We  have  been  doing  a  considerable 
amount  of  work  in  the  field  of  electro¬ 
luminescent  displays,  and  in  the  course 
of  this  work  several  product  ideas  have 
evolved  in  the  area  of  moving  pointer 
and  moving  scale  panel  indicators. 

In  order  to  determine  the  direction 
our  product  development  work  should 
take  we  are  trying  to  collect  as  much 
information  as  possible  on  desirable  char¬ 
acteristics  of  panel  indicators,  user  pref¬ 
erences  and  requirements  and  the  poten¬ 
tial  value  of  electroluminescent  displays 
in  providing  a  useful  product  improve¬ 
ment. 

Any  information  that  you  could  sup¬ 
ply  which  would  be  helpful  in  this  in¬ 


vestigation  would  be  greatly  appreciated, 
including  suggestions  of  other  possible 
sources  of  information. 

C.  H.  Wahshaw 
Industrial  Products  Manager 
Huyck  Systems  Co. 
Huntington  Station 
Long  Island,  N.Y. 


We  are  presently  engaged  in  a  study 
of  the  graphic  recording  field  for  proc¬ 
ess  control  and  laboratory  usage,  and 
are  interested  in  future  trends  in  this 
area.  Therefore,  I  would  appreciate  in¬ 
formation  that  you  feel  may  be  helpful 
to  us. 

L.  P.  Lane 

Arthur  D.  Little,  Inc. 

Cambridge,  Mass. 

I  am  very  interested  in  an  area  of  the 
field  in  which  I  find  no  reference  con¬ 
tained  in  recent  issues  of  your  magazine. 
This  is  in  the  requirements,  theory 
and/or  construction  of  display  and  status 
boards  posted  manually  from  the  rear. 
I  have  seen  several  in  operation  in  mili¬ 
tary  installations  but  have  never  had  the 
forethought  to  look  into  the  manufactur¬ 
ing  stage. 

Could  I  impose  upon  your  good  offices 
to  look  among  your  advertisers  and  con¬ 
tributors  and  to  furnish  me  some  con¬ 
tacts  with  technical  competence  in  this 
particular  area.  I  will  be  very  apprecia¬ 
tive  of  any  assistance  you  can  render  in 
this  search. 

Henry  D.  Batey 

Chief,  Graphics 

United  Aircraft  Corp.  Systems  Center 

Farmington,  Conn. 

ID  readers  who  can  contribute  de¬ 
sired  information  are  urged  to  com¬ 
municate  directly  with  the  above  cor¬ 
respondents  —  Ed. 


SID  and  Journal  helpful 

Both  the  activities  of  the  Society  for 
Information  Display  and  the  articles  in 
Information  Display  are  of  great  inter¬ 
est  to  me.  Material  presented  in  the 
Journal  has  contributed  significantly  to 
my  knowledge  and  understanding  of 
data  display  technology. 

It  is  my  responsibility  to  design  and 
implement  the  “Total  Information  Sys¬ 
tem”,  culminating  in  display  design  in 
the  following  categories; 

1.  Large  Area  Display 

2.  Small  Area  Display 

3.  Desk  Top  Display 

The  project  in  which  I  am  engaged  is 
designed  to  provide  the  company  with 
a  system  in  the  1970’s  that  will  be  suit¬ 
able  to  the  environment  at  that  time. 
John  P.  Thompson 
Director  of  Data  Processing 
Hoffmann-La  Roche,  Inc. 
Nutley,  N.J. 
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on  the  move 


Litton  Industries  Data  Systems  Div. 
has  announced  appointment  of  Ralph 
Neal  as  a  director  of  product  support  and 
advanced  operations  programs,  and  Capt. 
H.  Starwood  Foote  Jr.,  USN-Ret.,  has 
been  appointed  director  of  advanced  Navy 
programs  for  the  Div. 

Roland  Fribourghouse  has  joined  the 
staff  at  Ling  Electronics  Div.  of  LTV 
Ling  Altec,  Anaheim,  Calif.,  in  the  newly- 
created  position  of  marketing  planning 
manager. 

Librascope  Group  of  General  Precision 
Inc.,  Glendale,  Calif.,  has  appointed 
George  Bradley  general  manager  of  its 
Components  Division,  responsible  for  the 
division’s  engineering,  marketing  and 
administrative  activities. 

Walter  W.  Smock  has  been  appointed 
manager  of  Army  programs,  Defense 
System  Div.,  The  Bunker-Ramo  Coro., 
Canoga  Park,  Calif.  Smock  will  be  lo¬ 
cated  in  the  Washington,  D.C.,  office. 

R.  Joseph  Keller  has  joined  the  Servo 
Corporation  of  America  as  marketing 
manager  for  the  firtn’s  Infrared  and 
Electro-Optics  Div. 

J.  Paul  Walsh  has  been  named  Chair¬ 
man  of  the  Board,  The  Matrix  Corp., 
Arlington,  Va.,  to  succeed  Harry  J. 
Older,  who  will  continue  to  serve  the 
firm  as  a  consultant  in  scientific  and 
technical  areas. 

Robert  M.  Gordon  has  been  appointed 
manager  of  applications  programming  for 
Raytheon  Computer  at  Santa  Ana,  Calif., 
responsible  for  software  specifications, 
operation  of  Raytheon  Computer’s  pro¬ 
gramming  library,  application  and  sys¬ 
tem  analysis,  liaison  with  Raytheon 
Users’  Group,  and  education  and  train¬ 
ing  company  and  customer  personnel. 
Raytheon  has  also  named  Ralph  A. 
Martin  assistant  general  manager  of  its 
Submarine  Signal  Div.,  in  Rhode  Island. 

William  E.  Martin  has  been  appointed 
to  the  newly-created  post  of  marketing 
manager,  Electroglas  Inc.,  Menlo  Park, 
Calif.  He  will  assume  responsibility  for 
the  firm’s  Electroglas  sales  network  and 
marketing  program. 

Robert  A.  Bailey  has  been  appointed 
director  of  marketing  of  The  Scionics 
Corp.,  Northridge,  Calif.;  he  was  former¬ 
ly  President  of  Binary  Electronics. 

Eugene  L.  Rogers  has  joined  Memorex 
Corp.,  Santa  Clara,  Calif.,  as  director 
of  corporate  planning,  a  new  manage¬ 
ment  post  responsible  for  market  re¬ 
search,  long-term  plans,  annual  operat¬ 
ing  plans,  public  relations,  product  ad¬ 
vertising,  and  legal  matters. 

Marshall  Industries  has  announced  the 
appointment  of  Charles  G.  Smith  as  VP/ 
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marketing,  for  its  Electron  Products  Div. 

Appointment  of  Robert  A.  Hall  as  VP/ 
Px-icing  and  Information  Systems,  The 
Douglas  Aircraft  Co.,  has  been  an¬ 
nounced;  he  is  responsible  for  computer 
requirements  and  applications,  company 
management  programs,  and  creating  com. 
pany  pricing  policy  and  monitoring  cost 
reduction  programs. 

Willis  J.  Nolan  has  been  named  gen¬ 
eral  auditor  of  Electronic  Communica¬ 
tions  Inc.,  St.  Petersburg,  Fla.,  succeed¬ 
ing  Gerald  W.  Ileidisch,  now  comptroller 
for  Benson  Manufacturing  Co.,  an  ECI 
subsidiary  in  Kansas  City,  Mo. 

Applied  Technology  Inc.,  Palo  Alto, 
Calif.,  recently  named  David  B.  Leeson 
as  head  of  its  Solid-State  Techniques 
Section. 

Richard  P.  Castanias  has  been  appoint¬ 
ed  Director/Houston  Operations,  for 
Informatics,  Inc.,  a  Sherman  Oaks,  Calif., 
firm. 

Henry  F.  Brockschmidt  has  been  named 
general  manager  of  the  newly-formed 
Astro-Optical  Div.  of  the  Perkin-Elmer 
Corp.,  based  at  Costa  Mesa,  Calif.,  and 
responsible  also  for  activities  of  the  re¬ 
cently-acquired  Boiler  &  Chivens  Inc., 
in  South  Pasadena. 

Victor  A.  Babits  has  been  appointed 
VP/research  for  Marshall  Laboratories, 
a  subsidiary  of  Marshall  Industries. 

John  R.  Hollahan  has  recently  joined 
the  staff  of  Tracerlab/West,  a  division 
of  Laboratory  for  Electronics  Inc.,  Rich¬ 
mond,  Calif.,  as  chief  scientist  in  the 
R&D  Dept. 

Alan  R.  Gruber  has  joined  Electro- 


Optical  Systems  Inc.  as  manager  of 
corporate  planning;  he  will  be  responsi¬ 
ble  for  integration  of  EOS  planning 
functions  with  those  of  Xerox,  the  parent 
firm. 

D.  C.  Arnold  has  been  elected  Execu¬ 
tive  VP  of  Hoffman  Electronics  Corp., 
El  Monte,  Calif.,  responsible  for  all 
operations  except  Consumer  Products 
Div.  and  Hoffman  Products  Corp. 

William  T.  Welsh  and  Mike  W.  Fossier 

have  been  elected  VPs  of  Raytheon  Co. 
W.  Martin  Lyford  has  been  named  ntl. 
sis.  mgr.  for  Raytheon  Computer,  Santa 
Ana,  Calif.,  and  Bryant  A.  Campbell  has 
joined  the  engineering  staff  to  manage 
data  equipment  engrg. 

Paul  J.  Teicli  has  been  named  to  the 
newly-created  position  of  mgr.  of  pro¬ 
gram  support  for  GE’s  Heavy  Military- 
Electronics  Dept,  at  Syracuse,  N.Y. 

J.  R.  Kerry,  FM  phototube  inventor, 
has  joined  Sylvania  Electric  Products 
Inc.  as  an  advanced  development  engr. 
to  conduct  comparison  studies  of  laser 
communications  techniques. 

Charles  L.  Benesh  has  been  appointed 
to  the  new  post  of  special  programs  mgr., 
Itek  Corp.  Government  Systems  Group. 

Systems  Engineering  Laboratories  Inc. 
has  announced  the  appointment  of  Sam¬ 
uel  F.  Sears  as  Florida  Ax-ea  mgr. 

Graham  Tyson  has  been  named  VP/ 
Operations,  for  Delta  Pi-oducts  Corp. 

The  Clai-y  Coi-p.  has  appointed  Philip 
C.  Davy  mktg.  dir.  of  its  Computer  Div. 

Arthur  Carr  has  been  pi-omoted  to  dir., 
prod,  planning,  Computer  Control  Co. 
Inc. 
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★  NOW  IN  USE  IN  DISPLAYS  ACROSS  THE  NATION 


Model  545A 


The  Walden  Model  545A,  one  of  a  family  of  solid  state  high  voltage  supplies  for  display 
applications,  utilizes  a  unique  SCR-power  transistor  regulator  with  a  dc*dc  low-to-high  volt¬ 
age  converter  to  deliver  stable,  dependable  acceleration  voltage  for  CRT  displays.  All 
temperature-sensitive  components  are  oven  stabilized  for  excellent  stability. 

Walden  has  created  other  high  voltage  systems  to  customer  specification.  Send  your 
requirements  for  a  prompt  quotation  to: 

WALDEN  ELECTRONICS  CORP. 
223  CRESCENT  STREET 
WALTHAM,  MASS.  /  899-0510 
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Subminiature  Display  Lite 


ID  Products 


A  new  SDL  Series  subminiature  display 
lite  with  incandescent  lamp  for  use  where 
panel  and  back  panel  space  is  limited  or 
where  indications  are  intentionally  small, 
is  now  available  from  Transistor  Electronics 
Corporation,  Minneapolis,  Minn.  This  ex¬ 
tremely  small  indicator  light  mounts  on  in. 
centers  horizontally  and  vertically,  and  is 
reportedly  ideal  for  installation  above  and 
below  toggle  switches  and  to  verify  settings 
of  relays,  solenoids,  etc. 

The  SDL  Series  uses  the  extremely 
rugged  T-l  type  incandescent  lamp  with  a 
design  life  as  high  as  100,000  hours.  The 
miniature  size,  full  range  of  lens  colors, 
choice  of  wire  lead  or  connector  hook-up 
and  low  heat  dissipation  makes  this  com¬ 
pact  lite  ideal  for  small  information  dis¬ 
play  panels  and  displays  requiring  many 
indicators.  Terminals  for  SDL-A  Series  are 
two  0.018  in.  diameter  gold-plated  pins  for 
insertion  in  female  connector  supplied  with 
the  indicator.  SDL-B  Series  is  provided 
with  6  in.  long  nylon  coated  leads  stripped 
3/16  in. 
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Pushbutton  Switch 

International  Electro  Exchange,  Minne¬ 
apolis,  Minn.,  has  announced  a  new  D-series 
pushbutton  switch  featuring  individual  sli¬ 
der  units  accessible  from  tire  front  panel, 
with  the  slider,  pushbutton,  return  spring, 
and  contacts  removable  as  a  unit  for  clean¬ 
ing  or  replacement.  Contacts  are  completely 
enclosed. 

The  switches  are  available  with  momen¬ 
tary,  push-push,  latching,  or  intermixed  ac¬ 
tion  mechanisms  with  from  1  to  10  stations, 
using  round,  rectangular,  or  decorated  knobs. 
Prices  depend  upon  style  and  quantity. 
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Integrated  Logic  Decade 

The  new  model  BCD8A,  by  United  Com¬ 
puter  Co.  Inc.,  Phoenix,  Ariz.,  is  an  im¬ 
proved  logic  module  complete  with  in-plane 
display.  It  can  be  used  as  a  decade  counter, 
shift  register,  and  BCD  to  decimal  display. 
It  contains  only  13  integrated  circuits  and 


7  silicon  controlled  rectifiers.  Display  is  % 
in.  high,  uses  100,000-hour  lamps,  and  is 
readable  to  ever  25  ft.  Counting  speed  is  in 
excess  of  3  million  counts/second.  Other 
specs  include:  Size,  1  in.  width  x  3  in. 
height  x  4  7/8  in.  depth;  voltage  +3.3v 
#120  ma  for  logic,  5v  ac  @300  ma  for 
lamps;  weight,  4  ounces. 

Circle  Reader  Service  Card  No.  58 

New  Toggle  Switch 

New  toggle  switch  assemblies  featuring  a 
switching  mechanism,  reputedly  so  precise 
that  contacts  of  all  switches  within  a  unit 
are  transferred  with  a  1°  segment  of  the 
toggle  lever  34°  travel  arc  to  effect  near 
simultaneous  switching  of  up  to  four  switch 
modules  are  now  available  from  Master 
Specialties  Company,  Gardena,  Calif. 


Designated  tire  Series  16,  these  new  alter¬ 
nate  action,  mamtained-nraintained  switches 
also  feature  a  detent  force  requirement  that 
precludes  accidental  switching,  and  a  posi¬ 
tive  full-travel  lever  action  that  prohibits 
“tease”  action  or  operation.  Once  the  lever 
has  been  started  on  its  travel  arc,  the  switch 
mechanism  carries  it  through  to  the  oppo¬ 
site  position  with  a  positive,  irreversible 
force.  Switches  are  available  in  2PDT  or 
4PDT  types. 
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Flat-Faced  CRT 

A  new  12-in.  flat-faced  cathode-ray 
tube,  which  has  two  rear-viewing  windows 
for  symbol  presentation,  photographic  re¬ 
cording,  or  image  projection,  is  now  avail¬ 
able  from  the  Westinghouse  Electronic  Tube 
Div.  The  tube,  designated  as  the  WX-30211, 
uses  optical-quality  rear  windows  which 
are  flat  and  parallel  to  the  faceplate.  These 
permit  the  simultaneous  performance  of 
three  functions:  Normal  cathode-ray-tube 
display,  optical  projection  of  information 
on  the  screen  from  the  rear,  and  photo¬ 
graphic  recording  of  the  composite  display 
from  the  rear.  Both  CRT  display  and  optical 
projection  are  visible  to  the  operator  from 
the  front  of  the  tube. 

In  addition  to  the  primary  36-degree 
magnetic  deflection,  the  tube  is  equipped 
with  auxiliary  electrostatic  deflection  plates 
which  enable  the  operator  to  add  symbols 
to  the  display.  The  WX-30211  has  a  screen 
diameter  of  1031  in.  and  operates  at  an 
anode  voltage  of  12,000  volts.  It  can  be 
supplied  in  most  of  the  standard  JEDEC 
phosphors. 
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Digital  Plotter 

Discon  Corp.,  Ft.  Lauderdale,  Fla.,  is 
marketing  what  it  describes  as  a  truly  digi¬ 
tal  plotter.  The  Discon  product  features  ab¬ 
solute  position  sensing  by  means  of  photo¬ 
electric  readers  scanning  19-track  linear 
precision  engraved  binary  coded  scales  on 
each  axis. 

The  system  reputedly  eliminates  sources 
of  error  common  to  incremental  plotters.  It 
accepts  manual,  tape,  and  card  inputs.  Life 
time  accuracy  is  within  .002  inches,  and  re¬ 
peatability  within  .001  inches.  It  has  an 
eight-character  ten-symbol  print  head. 
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RF  Shields 

Controls  Co.  of  America,  Melrose  Park, 
Ill.,  has  developed  a  special  indicator  light 
and  switch  shields  to  prevent  radio  frequen¬ 
cy  interference  leaks  in  pushbutton  switches 
and  indicator  lights.  The  front-of-panel  cut¬ 
outs  required  for  mounting  switches,  indi¬ 
cator  lights,  and  other  components  to  the 
panel  is  the  source  of  much  of  the  RFI 
leakage  problem.  Even  after  such  compo¬ 
nents  are  attached  to  the  panel,  mechanical 
and  electrical  discontinuities  still  exist  and 
allow  RFI  to  pass  through,  thus  producing 
undesirable  stray  signals  in  surrounding 
equipment. 

To  eliminate  these  leaks,  CCA  designed 
a  metal  mesh  shield  inside  the  plastic  indi¬ 
cator  lens,  as  a  means  of  blocking  RFI  sig¬ 
nals.  In  sealed  indicator  light  models,  this 
shield  is  bonded  to  the  indicator  case,  and 
in  removable-lens  models,  the  shield  is  con¬ 
nected  to  the  case  by  a  special  conductive 
gasket.  The  cadmium-plated  brass  case  com¬ 
pletes  the  patli  to  ground. 
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Readout  with  Decimal 

NL-809,  a  new  rectangular  readout  tube 
with  decimal  point,  is  being  introduced  by 
National  Electronics  Inc.,  Geneva,  Ill.  It  is 
a  long-life  neon-glow  tube  displaying  0.6 
in.-high  characters  0-9  and  a  decimal  point. 

The  decimal  point  is  an  integral  part  of 
the  tube.  Rectangular  shape  and  decimal 
point  permit  close  spacing  of  characters  with 
the  decimal  point  correctly  located  with  re¬ 
spect  to  the  numerals.  Use  of  two  or  more 
NL-809  tubes  permits  switching  the  decimal 
point  without  wide  spacing  of  numerals. 

NL-809  has  an  ionization  of  170v  dc;  re¬ 
quiring  a  minimum  supply  voltage  of  170v 
dc.  Higher  anode  voltage  may  be  used  with 
proper  resistor.  Anode  current  ranges  from 
1.5  to  3.0  ma  dc,  with  a  typical  value  of 
2.5. 
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Standard  Tube  Mounts 

Beta  Instrument  Corp.,  Newton  Upper 
Falls,  Mass.,  announces  the  availability  of 
a  variety  of  versatile  coil  and  tube  mounts. 
Several  types  are  designed  for  use  with 
CRT  systems.  Others  are  intended  to 
achieve  optimum  performance  with  the 
complex  recording  storage  tube,  an  “elec¬ 
trical-in,  electrical-out”  device  often  used 
in  scan-conversion  applications. 


These  flexible  assemblies  permit  precise 
variation  of  position  and  arrangement  of 
deflection  and  focus  coils  used  with  CRT 
and  storage  tubes,  Beta  claims.  A  typical 
result  of  the  mounts’  flexible  design  is  that 
beam  alignment  and  “read"  and  “write’ 
registration  accuracy  are  maximized  and 
tube  shading  minimized.  All  assemblies  are 
constructed  in  the  form  of  an  optical 
bench.  The  various  components  rest  on  a 
machine-channeled  tracking  base.  A  num¬ 
ber  of  coil  mounts  can  be  placed  in-line. 
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Incandescent  Indicators 

Dialight  Corp.,  Brooklyn,  N.Y.,  has  avail¬ 
able  a  new  catalog  of  its  one-terminal  sub¬ 
miniature  incandescent  indicator  lights. 
This  catalog  present  a  complete  line  of 
one-terminal  lights  for  use  on  grounded 
circuits  —  that  meet  or  exceed  the  environ¬ 
mental  and  operational  requirements  of 
MIL-L-7806  and  MIL-L-3661. 

Complete  specifications  and  data  are 
given  for  assemblies  that:  Accommodate  a 
T-1-/4  Incandescent  bulb  with  midget  flange 
base  in  a  range  of  voltages  from  1.35  to 
28V;  mount  in  a  13/32  in.  or  15/32  in. 
clearance  hole;  offer  a  wide  choice  of  lens 
cap  shapes,  finishes  and  colors;  and  pro¬ 
vide  for  use  of  hot-stamped  or  engraved 
legends.  It  contains  lamp  data,  illustrations, 
drawings  and  catalog  number  charts  to 
facilitate  selection  of  the  required  indicator 
lights. 
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Sawtooth  Signal  Generator 


RAMP  GENERATOR 

MODEL  SO-I 

•'  "•  I 


CELCO,  Mahawah,  N.J.,  has  announced 
immediate  availability  of  their  new  SGI 
sawtooth  signal  generator  for  CRT  displays. 
Features  are  small  size,  0.22  cu.  ft.  and 
5.0  lb.;  overlapping  ranges  from  20  psec  to 
100  msec;  linear  ramps  with  retrace  less 
than  10%  of  sweep  period;  internal  or 
external  sync;  any  TV  raster  may  be  pro¬ 
duced  by  two  generators;  with  off-the- 
shelf  delivery. 
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Silicon  Rectifier 

General  Electric  has  announced  automa¬ 
tion  of  the  manufacture  of  a  solid-state 
component  called  a  silicon  controlled  rec¬ 
tifier  (SCR),  with  attendant  cost  reduc¬ 
tion.  In  large  quantities,  the  units  will  sell 
in  the  35-  to  50-cent  range  to  manufacturers 
of  consumer  and  other  products.  When 
G.E.  first  introduced  the  SCR  eight  years 
ago,  it  sold  for  about  $300.  The  pxice  for 
the  new  consumer  unit  is  about  one-half 
that  of  the  lowest-cost  SCR  now  available. 

Solid-state  control  of  electrical  equipment 
enables  the  user  to  dial  speed,  light  and 
heat  in  the  same  way  he  has  always  dialed 
the  exact  level  of  sound  he  desired  on  his 
radio  or  TV  set.  G.E.  believes  the  new 
SCR  will  open  the  doors  to  a  host  of  con¬ 
sumer  products  that  previously  were  im¬ 
practical  because  of  the  high  cost  of  semi¬ 
conductors. 
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Digital  Clock 

Parabam  Inc.,  Hawthorne,  Calif.,  has 
introduced  a  new  all-silicon  logic,  solid- 
state  digital  clock  which  the  firm  claims 
presents  a  price  breakthrough  in  the  digital 
field.  Especially  designed  for  on-line  use 
in  data  logging,  process  control  and  com¬ 
puter  systems,  it  provides  time-of-day, 
elapsed  time,  or  countdown  time  in  the 
form  of  digital  logic  and/or  digital  display. 

The  new  Series  D  clock  is  a  precision 
time  source  which  features  front-panel 
access,  all-silicon  logic,  plug-in  logic  cards, 
BCD  or  decimal  coded  logic  output  for 
use  with  recording  devices.  Options  include 
BCD,  Nixie  or  projection-type  digital  dis¬ 
plays. 
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Polarization  Rotator 

Spectra-Physics,  Mountain  View,  Calif., 
is  offering  a  new  polarization  rotator  for 
gas  lasers,  which  provides  control  of  the 
polarization  vector  of  the  output  of  helium- 
neon  gas  lasers  operating  at  6328  A.  The 
rotator  attaches  directly  to  Spectra-Physics 
lasers  and  may  be  adapted  to  other  helium- 
neon  lasers,  or  to  optical  benches,  through 
use  of  a  special  mounting  plate. 

The  device  allows  the  plane  of  polariza¬ 
tion  of  the  laser  output  to  be  rotated 
through  an  accurately  calibrated  angle  with 
respect  to  a  predetermined  reference.  It 
consists  of  a  half-wave  retardation  plate 
and  a  compensating  plate  mounted  to  a 
graduated  circle  which  is  indexed  against 
a  vernier  scale.  Extinction  ratio  is  better 
than  1  part  in  10,000.  Aperture  is  1  cm. 
Angular  difference  between  axes  of  input 
and  output  beams  is  less  than  0.2  milli- 
radiam.  Accuracy  of  rotation  is  ±  0.2°. 
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5-Display  17-In.  CRT 

Telonic  Industries  Inc.,  Beech  Grove,  Ind., 
is  offering  an  eight-page  brochure  on  its 
new  Skan-A-Scope  display  unit.  This  unit 
represents  a  state-of-the-art  advance,  ac¬ 
cording  to  the  manufacturer,  because  of  its 
ability  to  simultaneously  show  five  displays 
on  a  17-in.  CRT,  in  a  unit  containing  its 
own  power  supply. 

The  illustrated  brochure  takes  die  reader 
through  a  step-by-step  discussion  of  the  test 
set-up  and  analysis  of  a  simple  bandpass 
filter.  To  show  the  versatility  of  the  Telonic 
Skan-A-Scope,  the  catalog  also  describes 
how  the  unit  is  used  in  the  test  and  align¬ 
ment  of  TV  tuners,  alignment  of  concentric 
tuned  circuits,  concentric  techniques  in  pro¬ 
duction  alignment,  as  a  multi-channel  moni¬ 
tor,  and  the  test  and  alignment  of  a  para¬ 
metric  amplifier.  Electrical  specifications  and 
dimension  are  also  given. 
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75-V  Video  Amplifier 


The  new  ITI  Electronics’  video  ampli¬ 
fier,  Model  IT-284A,  provides  a  50%  in¬ 
crease  in  output  voltage  over  the  original 
design,  the  Model  IT-284.  The  preceding 
device  has  already  been  widely  accepted 
for  high  resolution  video  applications.  The 
response  of  the  Model  IT-284A  is  a  maxi¬ 
mum  3  db  down  at  14  me/s  providing 
1100-line  resolution  capability.  A  peak-to- 
peak  input  of  0.25  volts  will  provide  the 
75-volt  output.  The  predecessor  unit,  Model 
IT-284,  will  continue  to  be  available  for 
those  applications  where  its  1600-line  capa¬ 
bility  is  required.  Both  devices,  the  Model 
1T-2S4  and  the  Model  IT2S4A,  are  all 
solid  state.  Both  are  available  from  stock 
subject  to  prior  sale  or  thirty  days  ARO. 
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Rear-Projection  Readout 


Industrial  Electronic  Engineers  Inc.,  Van 
Nuys,  Calif.,  has  introduced  its  new  Series 
340  microminiature  rear-projection  readout 
—  reputedly  the  smallest  rear-projection 
readout  in  the  world.  This  miniaturized 
projection  theatre  is  only  /!  in.  high  x  J-  in. 
wide  x  2  in.  deep.  Although  it  is  micro¬ 
miniature  in  size,  it  is  capable  of  project¬ 
ing  a  display  character  of  %  in.  high  with 
a  viewing  distance  of  20  feet. 

The  unit  is  made  up  of  11  incandescent 
lamps,  two  11-lens  honeycombs,  and  11- 
message  film,  another  honeycomb  lens  and 
a  viewing  screen.  The  11-message  displays 
may  be  rear-projected  onto  the  viewing 
screen  individually  or  in  combination  by 
lighting  the  corresponding  lamp  or  lamps. 
Since  the  messages  are  on  film,  the  unit 
can  be  set  up  to  display  anything  that  is 
photographically  reproducible,  such  as  num¬ 
bers,  letters,  words,  multi-words,  symbols, 
special  characters,  colors  and  even  half¬ 
tone  pictures. 
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Temperature  Stickers 

William  Wahl  Corp.,  Los  Angeles,  is  of¬ 
fering  a  Temp-Plate  (Reg.)  line  of  direct- 
reading  temperature  indicating  decals.  The 
decals  have  a  temperature  reaction  time  of 
less  than  1  sec.  with  ±1%  accuracy.  Maxi¬ 
mum  thickness  for  all  models  is  0.006  in. 
Model  shown  is  one  of  many  available  in 
stock,  others  can  be  designed  as  needed. 

Temp-Plates  contain  heat-sensitive  ele¬ 
ments  which  are  hermetically  sealed  in  lam¬ 
inated,  high-temperature-resistant  plastic. 
They  have  excellent  adhesive  quality  for 
positive,  easy  mounting  to  almost  any  clean, 
dry  surface.  No  activator  is  required  for  the 
adhesive,  and  the  plates  resist  exposure  to 
solvents,  fuels,  grease,  oil,  water,  steam  and 
reducing  atmospheres.  They  can  be  im¬ 
mersed  in  hot  liquids  and  will  not  crack, 
tear,  wrinkle  or  lose  indicating  sensitivity. 
Stated  temps  are  indicated  by  an  irrevers¬ 
ible  change  from  pastel  to  solid  black.  The 
Temp-Plates  are  useful  wherever  tempera¬ 
ture  is  an  important  consideration. 
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Optical  Bench 

The  Netek  lens  test  system  measures 
modulation  transfer  functions  of  optics 
through  a  carefully  selected  combination 
of  light  source,  sign  wave  pattern  genera¬ 
tor,  collimator,  test  bench,  and  recorder. 
The  unit  is  completely  automatic,  being 
internally  programmed  to  produce  a  con¬ 
tinuous  sequence  of  spatial  frequencies  and 
to  measure  and  plot  the  MTF  Curve.  It  is 
produced  by  TRAID  Corp.,  Glendale, 
Calif. 
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The  instrument  produces  lens  modulation 
transfer  function  accurate  to  2%  over  a 
range  of  resolution  from  2.5  to  200  hues 
per  millimeter,  and  from  any  point  in  the 
field  of  a  lens  from  0  degrees  to  45  de¬ 
grees.  Focal  lengths  from  0.5  to  20  inches 
with  apertures  from  F/l  to  F/100  may  be 
measured.  The  unit  can  also  be  readily 
adapted  to  record  MTF  at  spatial  fre¬ 
quencies  much  higher  than  200  lines  per 
millimeter. 
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Digital  Display 

The  DIDS-400,  a  table  model  digital 
information  display  system  for  rapid  re¬ 
trieval,  editing,  and  composing  of  computer 
stored  informtaion  has  been  introduced  by 
Raytheon  Company's  Equipment  Div.  The 
new  system  eliminates  card  punching,  batch 
totaling  and  other  intermediate  steps  by 
providing  a  direct  interface  between  com¬ 
puter  and  operator. 


Through  the  use  of  an  alphanumeric 
keyboard,  information  in  a  random  access 
memory  can  be  recalled  almost  instan¬ 
taneously  for  flicker-free  presentation  on  a 
6x9  in.  display  area.  It  may  then  be 
corrected  or  replaced  with  new  informa¬ 
tion  and  returned  to  the  computer  memory 
for  future  use.  As  many  as  1040  characters 
of  an  easily  read  type  face  can  be  dis¬ 
played  on  the  TV-like  screen  upon  operator 
command.  The  system  consists  of  three 
basic  units  -  the  display  console,  the  con¬ 
trol  unit  and  an  optional  hard  copy  printer. 
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Message  Annunciator 

Advanced  Research  Products,  Glendale, 
Calif.,  produces  miniature  transistorized 
message  annunciators,  called  Bloc-Lite,  de¬ 
signed  for  use  in  digital  systems  employing 
either  P  or  N  logic  of  any  level.  They 
measure  0.5  by  0.75  by  0.725  in.  Blank 
lenses  are  available  for  laboratory  use. 

Features  include  5  by  >1  in.  message 
area,  20  microamp  control  current  require¬ 
ment  guaranteeing  high  sensitivity,  a  mem¬ 
ory  mode,  voltage-sensitive  triggered  mode, 
lamp  life  rated  in  excess  of  100,000  hours, 
a  variety  of  colors,  500,000  ohms  input 
resistance,  a  light  weight  of  only  3.5 
grams,  and  12  v  standard  (6  v  available) 
lamp  supply. 
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Precision  Microteleviser 

A  new  precision  Microteleviser  with  capa¬ 
bility  for  remote  viewing  and  continuous 
focus  magnification  of  microfilm  data  has 
been  developed  by  GPL  Div.,  General  Pre¬ 
cision  Inc.  Using  TV,  microfilm  may  be 
viewed  at  distances  of  several  feet  or  several 
miles,  for  use  in  both  airborne  and  fixed  sta¬ 
tion  environments.  The  Microteleviser  ac¬ 
cepts  any  film  image,  magnifies  it  to  the 
desired  size,  and  ( when  coupled  with  an 
automatic  microfilm  retrieval  system )  allows 
a  remote  operator  to  select  a  microfilmed 
document  and  view  any  area  at  the  magnifi¬ 
cation  desired. 

Typical  applications  include:  detailed  ex¬ 
amination  of  aerial  photos,  photo  interpre¬ 
tation,  document  enlargement,  reconnais¬ 
sance  sensor  data  analysis,  and  examination 
of  any  data  such  as  maps,  charts  and  draw¬ 
ings.  Features  include:  remote  viewing  of 
any  film  images,  simple  “joy  stick”  opera¬ 
tion,  rapid  area  positioning,  sharp  image, 
uniform  brightness,  multiple  station  view¬ 
ing,  integration  with  automatic  data  retriev¬ 
al  equipment.  Viewing  area  is  3-in.  x  212- 
in.  at  low  magnification.  The  unit  measures 
approximately  21  in.  deep  by  10  in.  long 
by  7  in.  high  and  weighs  35  lbs.  plus 
weight  of  the  camera. 
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Segmented  Readout 

MB  Associates,  Phila.,  Penna.,  has  an¬ 
nounced  a  new  segmented-type  digital  read¬ 
out  (model  NSDFS)  which  the  firm  states 
will  not  display  false  digits  due  to  lamp 
failures.  The  fail-safe  feature  is  provided  by 
circuitry  which  causes  the  bottom  and  low¬ 
er  right  segments  to  turn  off  in  the  event 
of  a  lamp  failure  in  any  segment.  Without 
these  two  segments  lit  it  is  impossible  for 
the  segments  remaining  lit  to  be  interpreted 
as  a  normal  digit. 

Integrally  mounted  decoder-drivers  ac¬ 
cept  BCD  signals  and  are  available  for  eith¬ 
er  positive  or  negative  logic  levels.  The  de- 
oder-drivers  have  diode  coupled  inputs  and 
have  low  current  requirements.  The  read¬ 
out,  designed  for  behind-the-panel  mount¬ 
ing,  requires  no  special  hardware  or  bezels. 
Both  the  display  and  the  decoder-drivers 
operate  from  full-wave  rectified  line  voltage 
with  no  filtering  or  regulation  required. 
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Trace  Recorder 

A  new  70mm  strip  film  trace  recording 
camera  has  been  developed  for  use  by  the 
oil  well  logging  industry.  Its  developers. 
General  Atronics  Corp.,  Phila.,  Penna.,  de¬ 
signers  and  manufacturers  of  trace  recording 
cameras  and  field  portable  oscilloscopes,  said 
the  new  camera  is  especially  designed  for 
ease  and  reliability  in  photo  recording  phe¬ 
nomena  from  “downhole,”  as  displayed  on 
a  CRT. 

The  new  camera.  Model  SM170-OL,  fea¬ 
tures  easily  variable  ratios  of  film  transport 
to  hole  depth;  external  shaft  for  selsyn  drive; 
and  100  foot  film  capacity  with  takeup  and 
supply  reels  in  one  removable  magazine. 
Compactly  designed  to  conserve  aisle  space, 
the  SM170-OL  is  available  with  mountings 
to  fit  both  3  in.  and  5  in.  CRT  screens. 
Direct  viewing  of  the  displayed  phenomena 
during  the  photographic  process  is  achieved 
through  use  of  a  dichroic  mirror  in  the 
camera. 
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*  Truly  olf  line— does  not  require  ex¬ 
pensive  computer  t-npe  Irdniport 

*  Through-put  — 120  frames  per  min¬ 
ute  for  both  556  and  300  bpi  tapes 

*  64  character  selection  wilh  123  Char¬ 
acter  option 

*  Vector  line  drawing  and  axes  line 
drawing 

*  Handles  eiltoer  16mm  or  36mm 
mOndCrOmalic  film 

*  Tape  transport  compatible  with  all 
7-track,  Vz-inth  maEnelic  tapes  or 
9-tr3dtr  y2 -inch  cnafineiic  tape 

»  Optional  “Quick -Look"  hard  copy- 
exposure  simultaneous  wilh  film 


SECOND  GENERATION 
CRT  MICROFILM 
PRINTER /PLOTTER 
ON  THE  MARKET  TODAY 


The  B’L  120  is  a  truly  expandable,  modular  system,  com¬ 
pletely  solid-state  and  features  the  latest  in  high  reliability 
silicon  logic  circuits. 
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ENGINEERS 


MAGNETIC  TAPE 


Ampex  engineer  observing  Videofile  and  System  as  applied 
to  storing,  retrieving  and  displaying  scientific  data. 


Company  sponsored  programs  have  created  exceptional  opportunities  on  the 
technical  staff  at  Ampex  Corporation,  leader  in  magnetic  tape  recording. 
Specific  openings  exist  at  all  levels  in  projects  which  vary  from  future  genera¬ 
tion  instrumentation  recorders  to  Videofile  —  an  exciting  program  in  which 
video  images  are  processed  through  a  computer  memory.  Typical  of  the 
technical  experience  we  seek  are  the  following  specializations: 

Information  Display 

Closed  Circuit  Television 

Signal  Processing  Circuitry 

Servo  Controls  and  Analysis 

Logic  Design  for  Data  Processing 

Precision  Mechanisms  and  Kinematics 

Magnetic  Recording  Heads 

Qualified  candidates  should  have  at  least  a  B.S.  and  3  years  appropriate  experience. 
These  positions  are  on  the  San  Francisco  Peninsula  with  a  dynamic  industry  leader  having 
a  distinct  commercial  emphasis  on  sales. 

For  a  prompt,  confidential  review  of  your  qualifications,  kindly  respond  in  detail  to 

C.  R.  Moody,  Employment  Manager 

AMPEX  CORPORATION 

401  Broadway 

Redwood  City,  California  94063 


An  equal  opportunity  employer. 


AMPEX 
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Versatile-Display  Console 

Tasker  Instruments  Corp.  has  announced 
tile  development  of  a  versatile-display  com¬ 
puter  input/output  communications  console 
combining  multiple  input  controls,  visual 
display  of  entire  messages  before  transmis¬ 
sion,  and  compatibility  with  a  broad  range 
of  data  processing  programs. 

Designed  to  communicate  with  an  IBM 
7288,  the  Tasker  Model  544  console  can  be 
easily  programmed  to  communicate  with 
other  systems.  Key  factors  in  its  multisystem 
compatibility  include  modular  construction 
and  the  availability  of  proven  circuit  de¬ 
signs.  Visual  display  capability  ranges  from 
data  presentation  before  message  transmis¬ 
sion  to  display  of  data-generated  by  external 
equipment  in  the  data  processing  system. 

Circle  Reader  Service  Card  No.  80 

Synchronous  Amplifier 

A  new  synchronous  amplifier,  by  Acton 
Laboratories  Inc.,  Acton,  Mass.,  chops  out¬ 
put  signals  in  phase  with  the  input  to 
provide  especially  high  performance  and 
high  signal-to-noise  ratios  working  from 
very  low  level  signal  sources.  Model  510 
is  particularly  applicable  for  amplifying 
interrupted  information  signals,  such  as 
from  a  chopped  light  or  infrared  source, 
Acton  claims.  Investigation  of  transmission 
and  reflection  characteristics  of  materials 
and  spectrometry  are  cited  as  specific 
areas  of  usefulness. 

Mechanically  chopped  radiation  ( typical¬ 
ly  from  an  incandescent  source)  is  passed 
through  or  reflected  from  a  material  under 
study  and  is  detected.  The  low  level  signal 


demodulated  by  a  separately  chopped  refer¬ 
ence  source.  Output  is  smoothed  by  adjust¬ 
able  time  constant  circuitry,  over  a  200- 
second  range.  The  Model  510  synchronous 
amplifier  is  solid  state  throughout,  and 
maintains  accuracy  and  stability  of  better 
than  0.18S. 
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Optical  Tachometer 


OPTOmechanisms  Inc.,  Plainview,  L.I., 
N.Y.,  is  producing  a  new  portable,  tran¬ 
sistorized  optical  tachometer  which  pro¬ 
vides  extremely  accurate  rotation  and  vibra¬ 
tion  measurements  for  all  types  of  rotating 
equipment.  The  self-contained  unit,  equipped 
with  a  flexible  gooseneck,  operates  on  com¬ 
mon  flashlight  D  cells,  and  can  be  used 
in  conjunction  with  the  user’s  own  oscillo¬ 
scope,  or  with  an  optional  OPTOmechan- 
isms  meter  with  a  7-range  scale  from 
10  cps  to  100  kc.  Unlike  conventional  photo¬ 
types,  only  one  readout  instrument  is  re¬ 
quired.  Accuracy  of  ±2%  of  full  scale  is 
realized. 


EL  Lenses 

Staeo  Inc.,  Costa  Mesa,  Calif.,  has  an¬ 
nounced  a  series  of  electroluminescent  lenses 
available  on  select  lines  of  the  firm’s  push¬ 
button  switches.  The  new  EL  application 
was  developed  by  Staco  in  conjunction  with 
Sylvania  Electric  Products  Inc.,  manufac¬ 
turer  of  EL  material.  Staco  lists  the  follow¬ 
ing  advantages  of  the  EL  lenses  over  con¬ 
ventional  lenses  and  incandescent  lamps : 
even  light  distribution,  lower  power  require¬ 
ments,  greatly  increased  life  of  EL  lenses. 

Power  required  for  a  Staco  EL  lens  is 
only  0.0065  watt  —  less  than  1/170  that  of 
a  T  1  %  lamp.  In  multiple  switch  installa¬ 
tions,  power  supply  size  and  cost  can  be 
significantly  reduced  through  the  use  of  EL 
lenses.  Life  expectancy  of  the  new  EL  lens 
is  over  6000  hours  to  half  brightness.  There 
is  no  surge  current,  and  life  is  unaffected 
by  cycling  on  and  off.  Operating  tempera¬ 
ture  range  is  —100°  to  +  160°F.  Cost  of 
the  EL  lenses  is  less  than  that  of  conven¬ 
tional  lenses  and  incandescent  lamps. 
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Magnetic  Shielding 

Data  sheet  179,  just  published,  contains 
technical  data  and  illustration  of  a  new  sys¬ 
tem  of  providing  a  low-level  magnetic  en¬ 
vironment  in  any  enclosed  volume  containing 
magnetically  sensitive  components  and  in 
laboratory  or  quality  control  work.  It  is 
available  without  cost  from  Magnetic  Shield 
Div.,  Perfection  Mica  Co.,  1322  No.  Elston 
Ave.,  Chicago,  Illinois  60622,  phone  (312) 
384-2122.  Direct  inquiries  to  Glenn  Powers, 
pres. 


is  then  amplified,  and  is  synchronously 
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Video  Color  Corporation 
Industrial  Tube  Division 

offers 

TECHNICAL  ABILITY 

For  any  special  purpose  Cathode  Ray  Tubes 

ULTRAHIGH  RESOLUTION 

(Less  than  .0005"  spot  size) 

FIBER  OPTIC  FACES 
HIGH  CONTRAST 

Special  Ultrathin  glass  substrates  to  eliminate 
halation 

SPECIAL  SCREENS 

Any  Phosphor 

High  uniformity,  Ultra  Smooth  Texture 
Low  Screen  Noise 
High  Light  Output 
SPECIAL  ELECTRON  OPTICS 

High  Deflection  Sensitivity 
High  Beam  Currents 
Multiguns 
High  Voltage 
SPECIAL  GEOMETRIES 

Back  Ported  Tubes 
Special  Deflection  Angles 
SPECIAL  GLASS  STRUCTURES 
Internal  Targets 

FULL  LINE  OF  STANDARD  TYPES 
CRT’s  FOR  - 

Character  Generators  (Monoscopes,  etc.).  Read¬ 
outs,  Printers,  Oscilloscopes,  Radar,  Monitors, 
Video  Recorders,  View  Finders,  Flying  Spot  Scan¬ 
ners,  Back  Ported  Devices,  etc. 

Video  Color  Corporation 

^  729  Centinela  Avenue  Inglewood,  California 

v  %  Phone:  213-678-8192  90302  , 


How  to  Make  Computers  Talk,  Visuallyl 
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Use  VISICOM  Illuminated  Indicators 

New,  remote  controlled,  instantly  changeable  visual  indi¬ 
cators  &  systems  provide  large-scale  display  of  numeric  or 
alphanumeric  information  from  any  computer  codei  (Stand¬ 
ard  model  ASCII  code).  Models  available  for  continuous 
signal  or  3-msec  pulse  input.  Indicator  groups  use  4  or  6 
low-voltage  code  wires  to  all  indicators  in  parallel,  with 
single-line  indicator  selection.  VISICOM  indicators  offer  up 
to  44  characters  in  standard  weatherproof-case  sizes  to 
17"  x  24”.  Life:  more  than  107  operating  cycles.  Sealed 
logic  unit  in  each  indicator  stores  codes,  then  decodes  to 
lamp  patterns. 

VISICOM  systems  used  for  data  display,  information  boards, 
factory  annunciators,  production  control,  weight  &  flow 
readout,  traffic  control,  stadiums,  racetracks,  advertising, 
signs,  etc. 

BLOOMINGDALE  INSTRUMENTS,  INC. 

Ill  Bloomingdale  Road,  Hicksville,  LI,  NY  11801/Ph.:  (516)  WE  5-9400 
141  Oregon  Street,  El  Segundo,  California  90245/Ph.:  213-772-2444 
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Multiplier  PtwiotiAes 
A  liJini '|i.'l.i.'ly  MW  :mh.3  MffHd  !J - i  Mt1' 
L',ii,il-  vt  t'-iirchild  Du  ^TueiL  rmiL(r|i3lrf 
phcdotiibes  lux  been  jirinled  and  Ls  ;i*- -■  il- 
able  an  request  ut  a  price  uf  SI  per  tojjf 
It  ru:4  imly  Eive.<  complete  srectficatlcfit 
and  ehiirarteri-itlcs  at  the  .standard  tine  el 
Oil  ASlWit  pliOCOili  :l!l  :|  'ih.  T-i,  bit  IFI  JLltcl^l icSI 
itu-  ratakig  raven  I  lie  thn-ciry  of  dpcrtral 
«hUh»  M*P«ttO  curves,  op  era.!  Hina  l 

IllrtSrJ.  I  111  it  niffrlK  Mid  SIEIlil-tfh-tbfilil: 

ral  ii;.  and  MlMtfcxt  gu  ides- 

'flic  rntnloy  deni]  willi  jjjjilhd1  lf»iv. 
iii.ilI'.mj  radiation  detection.  Hying  spot  Dt*n- 
rtrr  use,  nml  (he  delertiora  of  li^flil  fnen 
mkaellancaus  ■nxircev 

Cire4*  Kudu  imn«  pud  Mj.  f£ 


Mast 

RANDOM  ACCESS 
PROJECTORS 
and  SERVOS 

Filmstrips  or  Slides 
Normal  or  Precision  Location! 
Standard  or  Custom  Built 
To  Your  Requirement* 

Shown  it  Model  137  SAP  l?r  CONTROL  PAhFI 
DISPLAY,  CAT  PVFRUTS  JYILIG-M  PICKUP 


HO  bin*  fllBltrlp  prdjttEOr 
d.?S  IHMl  BAhStil  Ui & .S  ttCMfa  nas  inuri 
mciii  Use 

Phone;  319-323-9729 
Or  Write  Dept.  ID  510 

MAST  DEVELOPMENT  COMPANY 

?2 1 2  EAST  TWELFTH  STREET 
bSYIhpOhI,  i Ova  53103 


AEROSPACE  COfi PO RATION 

■IIIMAA&IHa,  CALI 'a* Nr-. 

■CELCO 

idL'HHANTINl  LHOIMUrNd  LAW  fib.J 
HiHWAH  NI  W  JLhltT 

CQMMUNICATlpNS  Be  ELECTROMICS 
OiV 

PHiLCO  CO+rSJ*17 *  i?H 

A  lUMIHAIT;  DF  rOPD  NOTCH  CON^HV 
tflLLAtf  Onevt  MJiNITLV.Mii  A 

CON  RAC  DIVISION 

UTSNH  h  i  «!  H  :  Htn  h  c_o4h> 
aLENSONA  CilirDHNIl 

FAinCHlC.D  DUMONT 
LABORATORIES. 

54.1PT-CKW.  NffW  JinifY 

HUSHES  AtRCWAffT  COMPANY 

vwuu*  rune  rnoowcT#  civ 
oc«>ii't!  c  i.iJFoi'i*iJi 

M 


10-Station  Keyboard 

To  meet  ouirent  demands  oF  the  m-duMry, 
IVndnr  n-L-r-isllj  It  ax  iLevelaited  and  ii  H1M- 
k.  ring  now  a  new  len-statkin  loeybt i;ir<l  fcA- 
(iirni|.<;  iKitix  <lj4iiil:t«L  fLz«  ul  keyboard 
rflAtrM;  BrtHe,  l-Ady-rttc  ai  Harter.  They 
inr  AQiiEpped  wjdi  rtnrt-ivr  provld- 

ins  -Hra.ijcrti p-  rani  n: ■  I 

Tiw-  m1  IVndnr  product  CMti  hi  imr 
ecmpLHe  nml  that  ran  lie  mounded  Frtppn 
cIh-  h  ut!  -. i.l 1 1 1 1 : 1  rvpectal  tools.  hnEnLlntlon 
is  HGOBtflklMd  In  or*  simple.  i’.ist,  eary 
qpfWBmL  They  Invr  Tjwft  Irtlrrl  Fiw  rdl- 
lknu  of  cycles.  and  inert  *11  lll«K  re¬ 
quirements.  1'cndar,  Inc..  Ccunir  (TAIrttc. 
[ill.,  I Ilc  m.inii  facturen,,  a«>  nbe  nqiplybilE 
13, r  ki  yl.ii.int  nr  milch  matrix  to  custom 
speeiFieiitfciw, 

C  *^d«f  sarwc*  on  nc  It 

M&tori/nl  Computer  /Trainer 

A  new,  notarized  Model  601  Computer" 
Tiidriri  Tdr  teaehliiR  computer  hadei,,  jirc" 
imumhiE,  Boolean  aEsefen.  noiobef  thtnry 
:ufld  Iktiun J-  lojjk-  iji  FILIW  AS-.ijlublc  FfOffl  Ar- 
kuj-  Jnlcmtiitlmiiill  Ine.,  brcXikly  tf.V.  The 
Model  flQl  ii  designed  Id  cm  I  lie  the  innity 
imtiJsSriaL  training  courses  and.  programs  k< 
bHIer  meet  tin-  rw|ttJprmcol  far  tr.iim-il 
|y-jw.-iinii-3  in  iEptlan,.  ittoj^noiiiiiiif?  ntHl  w-j- 
vMiLg  iW  i.'i 1 1 a | ?i i c i.- r ■>-  l(  rOlUliat  *  dei-lhlftl- 
1  A-ljcjibAry-  encodrr  wtlrun  fin  ninvcrUiiit 
inuanlKia  inSo  the  Wiiutv  iyrtnnr  anil  □  livie- 
nrldrewyfDUT.dJjiil  scrak-ii  pad  ntemory  stop 
nge  lor  contninmfi  nnd  rf-talnlnu  bir.iry- 
codod  d*ta  nr  Enmnsetton.  a  Liintry  add/ 

>i.,l.'l ■  xri  uKiJiali  ii  i  *ciuaE  L-i>ni|tut*Mnti 
Miekidljil'  imihj|lillCll(&l|l  j.Uj.1  l:y  h|- 

1,  .1  ■nurininw!  i:i  n- '.I  i|-  !-.i-;:iiv  ilnu:. 
j!ifirr|{r.uii  iwclkin  wliirlL  Ini njjv  each  ccoiqmLer 
ltirretiDU  intn  n  control  panel  read-c'iil  ior 
ii:  < iii.i:iI  aperatijMi,  ai>:l  an  output  ^-clinit 
u'i'ifh  Linmi-rtf,  tlh:  IxNurv  nmn  intD  a 
dei.mi.il  uimbtY  unce-  mnrfl-, 

Fertnrinj!  h  grounded  :J-fHTi5(ig  Imre  *oid 
fat  uiji  i i ,  min  vafcly  bMifartticF  with  knmeh’ 
nge  OtH'MLiDii  uihJ  viiij£i‘-l<i  MVjw.ivirirj;. 
tlie  it o dent  rn.iy  i  jK-rale  line  Computer- 
Tuiner  diprn  line  ContrnJ  ram-1  wiitlr  fol- 
linvnir  his  ilr|M  mi  lln-  li.irk-r..r>]kiaa-l  v  ii  mg. 
tach  wAinn  fa  n  wnuplrte,  Jejiqftle  inb- 
«M  iOil  a\#¥  tK  tfugJit  fis  A  rttKir-rtr  eiiera- 
liriD  ■■r-ttSL'iii  hi  any  given  leiHJn. 


ITT  FEDERAL  LA&ORATOHIES 

a  bivitiuN  nr  inltHhAUD-Hit  xri  irHani 

l.D  111  ,  ,Hl>n  CO-MOHtnoH 

NV3I.  I  i  HI  W  Ji  «-1T  1 

hlHS  TEMCO  VOUGKT 

u  i l i t Jfcivv  ri  nc  maNici  arrikiOY4 
DI.LL4I.  mn-t 

«AC  CAMERA  SERVICE  COWPAraY 

7-ft  O  NZ.-Hi  B-ill 
enl^-KlJL  TOK  fO.  JAPa.N 

RADIAT1DN  INC 

HH  n-'-UNhl  I  LU-MIL’A 

5TROMBERG  CARLSON  CORiP 

IJhM  DiMJfl.  «*LiF-n.BH;* 

fiYLVA  Nl  A  IIL.ECT  RONIC  TUBES 

tiy  pvL.vj.Hia  rAr^r«TTHi^  khmu^t*.  ihc 

UNICth  r*LLI.  Htw  VGiBH 

TELEVISION  ELECTRONICS  ENVISION 

WP-liLlNO  fLL'HOI!* 


Display  Design  Notes 

PtuKiKncchiiiiiuii).  Itg-,.  . .  Sta- 

rii'u.  I.i'ug  t-iknd,  iS'.V  ,  i>  |.iD>Judn|4  a 
hnio  nf  iivic-eoiiiiij,  jjencmt  tudinicaJ  de- 
'ii!n  if'Kl1].  on  data  and  display  systerm. 
Tlie  scriw  ii  erlilled  Uani  CovV-  Lalert 
in  the  Kriei  (>'u.  -IJ  k  entitk-d.  ''Drtlffn. 
ul  I ' 1 1 <-■!■  ■  ijr .1  |il':ic-  [>.l1j.  Syrteni/',  and  covert 
the  areas  of  high-yulunac  data  rectmUng, 
mpid  ac-ceaa  at  rikvilrralr  ri-Peis>.l!  use  rale*, 
readmit  of  iLtla.  J'i'l  radar  nreordlng,  iiun- 
nnind  (teeiktin  dkpUj*,  Pde-lwitiBK  hhIm  or 
FanfciU|ff  Arid  tmnplfttr  fiilllpvt  dttA  r'xtjrd- 
l»HI- 

StlieramtFn-  me  iiydudetl  lor  hard  ccpy 

fnmi  1 U  " :  I'.'T  'Till  [I  ul ,  --  i , !  ■  -  - 1 1  '  lk;  nv  2  l(|, IT. 

and  Dommand  diuilay  dt  F't'l  ndar.  TFie 
Finn  specialize-:  in  snlvinK  data  hnndlmg 
problems  with  non-coTiyenrLDrijJ  pli,y<D- 
Straphlc  pmcMbiiws- 

C,'[f+  SmJ.i  Hfmw  HuA  My  it 

Cla-DaE  Pilot  Lights 

IndnrtiM  Di-vlpts  Ene,j  Hltwiler,  b?J., 
Im  jejfBird  a  ewnv  l-jigt,  -Citali^J  wliFdh 
di-seriLH-i  the  I’ifni'j  tnTriEpkle  Ifue  nil  niinia- 
lure  “filn-Dijt"  iukt  Jiglris.  ‘rhn-  neon  pilot 
lights  are  avelhlrk  ill  never  lens  shapes 
Slid  Four  bt«]y  linet,  to  nteel  prKuc  re- 
IliIlrviiK'irti-.  Tliev  can  be  s-iieednul  nicnintcd 
In  ,i  S-'1  ifl-En.  luJe.  The  Ii  sic  LTicoepoTJilei 
iiitulaled  teodx  an)  buill-in  strain  relief: 
k'1'  rt  ecist  bare  thread  niodclx  jie  also 
av*i!  dde.  The  new  catalog  drsenhes  nil 
rriodeti  aril  details  all  jiuiihk  comhlria- 
tions  of  lent  shapes,  bwty  sizes,  I.idijk,  and 
miliars. 

Pule  Bu;*-  imtH  un  <u.  « 

Vitficstn  TesL  Jig 

I'jv-d.'iii-tb-m  af  A  raeOr  Lert  jig  i  CTJ- 1  F  fur 
sddlcar  trlt>li*on  cintmis  has  been  an- 
ruiuctnl  !|fj-  Cohn  Klerl  rerJci  Ino.,  Km  Tel, 
Dlv,i  hai,  LJjcvn.  Siinpliiiiatii.ai  nf  rnainJe- 
r-MKC  and  setup  is  jc-hievn!  hy  pinsedinf 
re  liable,  rcprodoclhk  Awt  tiAtnlanJlzi.’d  leri 
Domlitioru.  The  IH  |ij/  Isdnlgiied  for  nuidJy 
innurhing  «nd  PTiffily  ytisilkmindj  the  TV 
Ltarsirtu  En  fftm(  of  Its; filed  test  paLiernf. 

Ali  i: utitual  feature  of  tla-  till- 1  is  Ihut 
lylli  llhe  lincarily  and  resnlnlkm  h-st  pat- 
l.ems  ate  a.n  sntcgraL  part  nf  Ihr  jig,  'ilww- 
standard  KlA-*ype  ^lati  pHUntt  are  indntit- 
ret  in  Frarru-s  hinjKd  ti>  CAth  Mile  of  the 
lighl  bns  and  sudh*  irUO  (hn-itioni  wlicr  in 
■iise.  Alilns-  isvli  iLc-vigned  lirimmab  nv  a  ism- 
vh'T^aI  jig  fur  ill  Uutua  tcIcvisKin  eamerax. 
|br.  1  -TJ-L  «  ill  aocomnodaie  nanrt  mates  of 
ckiyed  -circuit  vidiKin  eanw-rat. 

Cind»  Rmirr  hwa  end  n»  so 

ais^e  Ejparde,' 

Edikalhe  ILrsenreh  Carp.,  F'Tk'.L.il!,  N.Y.. 
but  puhllihod  a  ptw  (L|n  ihwt  d«Kflb4ag 
the  fin  n'y  Mrtrtif.ntiie  OK-ilhkeoiKs  CRT  Ifu- 
J Jgo-  ripiitdrr  w|>jdi  adds  vulhihUe  TkAV 
fuiklkjnri  CO-  tire  A- in.  CHT  imuge  uscillo- 

K4U, 

The  Ceehniual  dntn  xheet  dlnrtrales  hum- 
'■scillosm|x-  displays  an.  be  erhanced  mar- 
Icedly  uiiag  On-  [mage  Kqkutdrr.  an  optic¬ 
ally  wirierted  neeftsarj,  LuditiHintH  which 
provide*  rMHmiim  visual  ampUIkdaioii  nud 
TeShliEii-O-r  wklrOtit  distort km^  Clamp-on 
riiuimt  and  snivel  mount  moilel]  are  i;ii- 
(nred.  Alw  shown  lx  EdruJilei  pul iriiing 
sLire  shiejil  urecsioiy.  desLjjnml  tr>  r-lsns (rule 
extraoemu  light  from  the  vuwtng  any  a. 

GueMi  Indr  linin'  Cud  No  t| 
IHreiBUJi.TirHJ  JJI^PLAY.  HPHAMEtJOCTOTEt,  NMJ 
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Click.  K.kdir  did  D 


SID  Sustaining  members 


FOR  THOSE  IN  COMMAND  OF  THE  SITUATION... 


...AH  ITV  DISPLAY  SYSTEM. .. 


T-0  provide  Fresh,  vital  ■  -  -  two  and  three  dimensional  tracking  data 
projected  against  any  reference  background  „  ,  .  rn  color  .  .  .  with  wide 
range  choice  of  symbology  .  .  .  at  the  near  real  time  speed  now  possible 
wrth  the  new  L.TV  7000  elect  no- mechani  cal  projectors*,  .  . 

This  i&a  brief  insight  into  an  LTV  display  System  .  .  .  indispensable  FOR 
T HOSE  IN  COMMAND  QF  THE  SITUATION  .  .  . 

More  than  70  ve  rsal  lie  LTV  d  ispla  y  system  s  a  re  in  ope  ration  fpr  mi  ssiFeS, 
satellite  and  space  tracking,  shipboard  CIC„  air  defense  and  battl'eiiefd 
command, 


Contact  LTV  today  for  information  about  complete  "Dynamic  Plottinfi 
Projection  Displays"  in  all  Siics  For  air.  sea  or  Eand  installations.  LTV 
Military  Electronics  Division,  P.  0,  Bo*  6116,  Dallas.  Texas  75222. 
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CTRON/CG 


Or  Vi*  tqjv  <>  j57  i  iv  e 
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*THE  iSE'ft  LIU  7000  HIGH  SPEED 
OISPUHf  STJTiEM  FfiOJEClGl?  FLQTTEft 
fult-Kak  e>CgfJ>Dn  Ume  M  milliseconds 
Adjited  symbols  p«r  sec.  TO 
Random  symbols  per  sec.  10 

Dimensions:  iricmg  r  ihde 


•h»ioie^fcWTio«s  c^pur.  iw« 
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Kollsman  introduces  datakrome: 
the  first  simultaneous  four-color 
data  display  projector 


Unlil  now,  comand  and  control  systems  required 
four  projectors  to  display  four  colors;  today,  a  single 
dateKrome  scribing  projector  presents  the  four 
colors  in  one  synchronized.  simultaneous  display. 

It  provides  brilliant,  usy-to-fol low,,  rea^tim*  date 
at  about  one-fourth  the  cost  of  equivalent  four-color  scribing  systems, 
The  dalaKrome  projector  is  completely  modular  snd  conforms  to  Mil- 
$fff;cs.  It  can  ft*  used  with  other  plotting,  background  and  spotting 
projectors.  Projected  date  can  include  track  Inlormatidn,  target  Idemti- 
lication,  went  marking  and  symbols. 


Available  110™  dateKrome  is  a  major  Innovation 
in  advanced  display  syslems-jjeridrtning  as  no 
other  single  p*ojcclor  can.  For  details,  write  to  Dis¬ 
play  Systems,  Kollsman  Instrument  Corporation. 
575  Underhill!  Bh>d„  Syosselr 
New  York  11791. 


Kollsman 
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See  the  first  public  demonstration  of  dataKromeattlie  SID  Show,  Booths  13-14 
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and 

worthing! 

New  dd  10 
multistation 
remote  data  entry 
and  retrieval 
systems! 


the  dd  10  is  just  the  ticket  f«r  air¬ 
lines  who  need  >  streamlined, 
up-to-date  reservation  system.  Jl's 
the  logical  choice  wherever  speed 
and  flexibility  are  required  above 
ordinary  data  entry  and  retrieval 
mettiod*. 

thrt  electronic  typowriler  display 
tyStom  permits  all  stations  to  be 
used!  simultaneously  lor  rapid  re¬ 
trieval  of  in  formal  ion  from-  a  com¬ 
puter  memory.  Each  station  is 
capable  of  dispraying  1 000  character 
messages-  received  from  a  computer 
and  displayed  in  a  fraction  ol  a  sec¬ 
ond.  it*  wnlrai  logic  can  handle  in 
oarcets  of  £0*. WO  inquiries  Or  entries 
per  hour,  And  Mch  dd  30  Station  bat 


a  full  alpha  .numeric  keyboard  and 
talliede  rey  tube  console,  Any  typial 
can  operate  the  keyboard  after  just 
a  few  minutes  Instruction.  Up  to  63 
of  tfiese  stations  can  be  connected 
to  the  central  control  uni!.  Options 
are  available  to  adapt  to  a  variety  -of 
applications  .  . .  input  interfaces  am 
available  for  digital  computers,  |ele 
phone  subsets  and  other  digital  tilth! 
sources. 

These  dd  10  systems  ore  now 
providing  economic  and  performance 
advantages  ip  many  ar<ras  of  appli¬ 
cation.  Our  systems  applications  en¬ 
gineers  will  show  you  how  the  cfd  10 
can  work  toyour  advantage.  Write  or 
I  cell  tor  an  appointment. 
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